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PHARMACEUTICAL COMPOSITIONS AND
INTRAVITREAL DRUG DELIVERY
SYSTEMS FOR THE TREATMENT OF
OCULAR DISEASES

RELATED APPLICATIONS

This application 1s a continuation of International Appli-
cation Number PCT/US2022/027048, filed on Apr. 29,
2022, which claims priority to U.S. Provisional Patent
Application Nos 63/182,559, filed on Apr. 30, 2021, and
63/287,737, filed on Dec. 9, 2021, the entire contents of each
of which are hereby incorporated by reference for all pur-
poses.

BACKGROUND

Examples of debilitating ocular diseases include glau-
coma, diabetic retinopathy (DR), retinal vein occlusion
(RVO), and retinopathy of prematurity (ROP). These ocular
diseases can variously cause long-term damage to the eye
and, ultimately, blindness. While neonates, the young, adults
of all ages and the elderly are affected, only a handful of
treatments exist. These treatments are only for a subset of
ocular diseases and slow, but do not prevent, blindness. The
annual economic burden on the U.S. alone is over $100
billion.

Options for treating the ocular diseases are still very
limited largely due to lack of therapeutic eflicacy. Efforts
have been devoted to enhancing drug therapeutic eflective-
ness while minimizing side eflects in the treatment or
amelioration of ocular diseases. One such eflort involves
development of novel biodegradable ocular implants pro-
viding better permeability, treatability, and controlled
release at target site.

Edonentan 1s a highly selective and very potent endothelin
A receptor antagonist. Edonentan was developed as a sec-
ond-generation analog following the discontinuation of the
first climical candidate, BMS-193884, which was being
developed for the treatment of congestive heart failure
(CHF). Edonentan was 1n phase I trials by April 2002, but 1ts
development was discontinued.

There remains a need to more eflectively reduce the

incidence of, treat or otherwise ameliorate glaucoma, DR,
RVO, and ROP.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts drug release profiles of Edonentan 1n disk
punches of exemplary formulations each containing a poly-
mer matrix mcorporating Edonentan. Up to 70% of Edo-
nentan was released from most formulations within 100 days
as determined by high-performance liquid chromatography
(HPLC). The 1n vitro release results show that the amount of
Edonentan released decreases with the increase of the ratio
of poly-lactic acid (PLA) to poly-glycolic acid (PGA) as
well as the increase of molecular weight of the polymer.
Formulation 1 (50/50 RG503/RG503H) has a faster release
compared to Formulation 2 (65/35 PLA/PGA) due to the
lower ratio of PLG to PGA. Formulation 4 (50/350 502/
502H) has a faster release compared to Formulation 1 (350/30
503/503H) due to the lower molecular weight of the poly-
mer. The results also showed that RG7538 has the slowest
release profile among the formulations tested, and the mix-
tures of RG733S with other faster-releasing formulations
provide a long period of sustained drug release while
maintaining suflicient drug release at earlier time points.
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FIG. 2 depicts elution rate profiles of Edonentan in disk
punches of exemplary formulations each containing a poly-

mer matrix mcorporating Edonentan. The in vitro release
results show that for each polymer matrix there 1s a peak
Edonentan release from 10 to 35 days followed by a
decrease 1n elution rate, with a sustained steady-state release
for some matrices as determined by HPLC.

FIG. 3 depicts drug release profiles of Edonentan in
implants of exemplary formulations each containing a poly-
mer matrix incorporating Edonentan. The 1n vitro release
results show that the combination of polymer matrix with
Edonentan provides sustained release of active as deter-
mined by HPLC.

FIG. 4 depicts elution rate profiles of Edonentan 1in
implants of exemplary formulations each containing a poly-
mer matrix mcorporating Edonentan. The 1n vitro release
results show that the polymer matrix controls the initial
release of Edonentan with the peak release ranging from day
17 to day 92, as determined by HPLC. The 1n vitro release
results show that the amount of Edonentan released
decreases with the increase of the ratio of poly-lactic acid
(PLA) to poly-glycolic acid (PGA) as well as the increase of
molecular weight of the polymer. The mixtures of RG753S
with other faster-releasing formulations provide a long
period of sustained drug release while maintaining suflicient
drug release at earlier time points.

FIG. 5 depicts a time course of the Edonentan plasma
levels during 8-week single-dose intravitreal ocular toxicity
study 1n Dutch-belted rabbits in 2 and 3 implant groups.

FIG. 6 depicts a time course ol Edonentan retina levels
during 12-week single dose intravitreal ocular pharmacoki-
netic study i Dutch-belted rabbits dosed with 2 implants of
injection molded and ram extruded product.

FIG. 7 depicts a time course of Edonentan RPE/choroid
levels during 12-week single dose intravitreal ocular phar-
macokinetic study in Dutch-belted rabbits dosed with 2
implants of mjection molded and ram extruded product.

FIG. 8 depicts an exemplary overlay of XRPD pattern of
Forms 1-4.

FIG. 9 depicts an exemplary XRPD pattern of Form 1.

FIG. 10 depicts an exemplary XRPD pattern of Form 2.
12 depicts an exemplary XRPD pattern of Form 4.
FIG. "
DSC curve ot
15 depicts an exemplary
FIG. ' Form 4.
Form 4 shown in FIG. 12.
netic study in pigmented rabbits dosed with 2 implants of
levels during 12-week single dose intravitreal ocular phar-

FIG. 11 depicts an exemplary XRPD pattern of Form 3.
FIG.
13 depicts an exemplary DSC curve of Form 1.
FIG. 14 depicts an exemplary " Form 2.
FIG. DSC curve of Form 3.
16 depicts an exemplary DSC curve of .
FIG. 17 depicts XRPD characteristic peaks for crystalline
FIG. 18 depicts a time course of Edonentan retina levels
during 12-week single dose intravitreal ocular pharmacoki-
injection molded product.
FIG. 19 depicts a time course of Edonentan RPE/choroid
macokinetic study 1 pigmented rabbits dosed with 2
implants of mnjection molded product.

SUMMARY

The present disclosure provides a biodegradable ocular
implant and use of the same for treating an ocular disease
selected from glaucoma, diabetic retinopathy (DR), retinal
vein occlusion (RVO), and retinopathy of prematurity
(ROP). In some embodiments, the biodegradable ocular
implant comprises a biodegradable polymer containing a
compound selected from the group consisting of Edonentan,
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Tezosentan, A-182086, Clazosentan, 51255, ACT-132577,
Enrasentan, and Sparsentan, or a pharmaceutically accept-
able salt thereof. Preferably, in embodiments, the biodegrad-
able ocular mmplant comprises a biodegradable polymer
containing a compound of Formula I:

(D

or a pharmaceutically acceptable salt thereof.

The present disclosure also provides a method of treating,
an ocular disease, comprising contacting an optical tissue 1n
a subject with a biodegradable ocular implant described
herein, wherein the ocular disease 1s selected from the group
consisting of glaucoma, diabetic retinopathy (DR), retinal
vein occlusion (RVO), and retinopathy of prematurity
(ROP), and the compound 1s present in an amount thera-
peutically eflective for treating the ocular disease.

Also provided herein 1s a method of manufacturing an
ocular delivery device. The method comprises subjecting a
biodegradable polymer containing a compound incorporated
therein to an injection molding, wherein the compound 1s a
compound of Formula I:

(D

4
N\

O\

ﬁ/\/N\/

[/ \_/

N/

>

(

or a pharmaceutically acceptable salt thereof.

The details of one or more embodiments of the disclosure
are set forth 1n the description below. Other features, objects,
and advantages of the disclosure will be apparent from the
below drawings, description and from the claims.

DETAILED DESCRIPTION

The present disclosure arises from the discovery that
certain biodegradable ocular implants comprising a biode-
gradable polymer containing a compound incorporated
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4

therein, wherein the compound 1s, preferably, Edonentan,
are suitable for the prevention, treatment, or otherwise
amelioration of ocular diseases including, but not limaited to,
glaucoma, diabetic retinopathy (DR), retinal vein occlusion
(RVO), and retinopathy of prematurity (ROP). The disclo-
sure 1s further described below.
Compounds

The biodegradable ocular implants described herein and
methods of use thereof comprise a biodegradable polymer
containing a compound described herein, for example, Edo-
nentan, Tezosentan, A-182086, Clazosentan, S1255, ACT-
132577, Enrasentan, and Sparsentan, or a pharmaceutically
acceptable salt thereof. It can be appreciated that the con-
templated compounds herein are endothelin receptor antago-
nists.

In certain embodiments, the compound 1s a compound of

Formula I:

()

O /N

O

N Z
ﬁ/\/ O\So’/’o -
N\ y ¢

‘ HN

X

or a pharmaceutically acceptable salt thereof. The com-
pound of Formula I 1s also known as Edonentan. Edonentan
has the chemical name of N-[[2'-[[(4,5-dimethyl-3-1s0xa-
zolyl)amino |sulfonyl]-4-(2-oxazolyl)[1,1'-biphenyl]-2-vl]
methyl]-N,3,3-trimethylbutanamide (molecular weight of
536.6 g/mol). Methods of preparing Edonentan are well
known to a person of skill in the art. Suitable methods are
disclosed, for example, in U.S. Pat. No. 6,043,265.

In some embodiments, the compound 1s A-182086, which
has the structure:

or a pharmaceutically acceptable salt thereof.

A-182086 has the chemical name of (2R,3R,45)-4-(2H-
1,3-benzodioxol-3-y1)-2-(3-fluoro-4-methoxyphenyl)-1-[2-
(N-propylpentane-1-sulfonamido)ethyl]pyrrolidine-3-car-
boxvylic acid (molecular weight of 578.7 g/mol). Methods of
preparing A-182086 are well known to a person of skill in
the art. Suitable methods are disclosed, for example, 1n U.S.
Pat. No. 6,162,927,
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In various embodiments, the concentration of the com-
pound (e.g., compound of Formula I, A-182086) in the
biodegradable ocular implant 1s present 1n the biodegradable
polymer 1s about 5% w/w to about 95% w/w (e.g., about
10% w/w to about 95% w/w, about 15% w/w to about 95%
w/w, about 20% w/w to about 95% w/w, about 25% w/w to
about 95% w/w, about 30% w/w to about 95% w/w, about
35% w/w to about 95% w/w, about 40% w/w to about 95%
w/w, about 45% w/w to about 95% w/w, about 50% w/w to
about 95% w/w, about 55% w/w to about 95% w/w, about
60% w/w to about 95% w/w, about 65% w/w to about 95%
w/w, about 70% w/w to about 95% w/w, about 75% w/w to
about 95% w/w, about 80% w/w to about 95% w/w, about
85% w/w, about 95% w/w, about 90% w/w to about 95%
w/w, about 5% w/w to about 10% w/w, about 5% w/w to
about 15% w/w, about 3% w/w to about 20% w/w, about 5%
w/w to about 25% w/w, about 5% w/w to about 30% w/w,
about 5% w/w to about 35% w/w, about 5% w/w to about
40% w/w, about 5% w/w to about 45% w/w, about 5% w/w
to about 50% w/w, about 5% w/w to about 55% w/w, about
5% w/w to about 60% w/w, about 5% w/w to about 65%
w/w, about 5% w/w to about 70% w/w, about 5% w/w to
about 75% w/w, about 5% w/w to about 80% w/w, about 5%
w/w to about 85% w/w, and about 5% w/w to about 90%
w/w). In certain embodiments, the concentration of the
compound 1n the biodegradable ocular implant 1s present 1n
the biodegradable polymer 1s about 20% w/w to about 60%
w/w (e.g., about 20% w/w to about 55% w/w, about 20%
w/w 1o about 50% w/w, about 20% w/w to about 45% w/w,
about 20% w/w to about 40% w/w, about 20% w/w to about
35% w/w, about 20% w/w to about 30% w/w, about 20%
w/w to about 25% w/w, about 25% w/w to about 60% w/w,
about 30% w/w to about 60% w/w, about 35% w/w to about
60% w/w, about 40% w/w to about 60% w/w, about 45%
w/w to about 60% w/w, about 50% w/w to about 60% w/w,
about 55% w/w to about 60% w/w). In certain embodiments,
the concentration of the compound in the biodegradable
ocular 1mplant 1s present 1n the biodegradable polymer 1s
about 25% w/w to about 45% w/w. In certain embodiments,
the concentration of the compound in the biodegradable
ocular 1mplant 1s present 1n the biodegradable polymer 1is
about 40% w/w to about 50% w/w (e.g., about 40% w/w to
about 45% w/w, about 45% w/w to about 50% w/w). In
various embodiments, the concentration of the compound 1s
about 5% w/w, about 10% w/w, about 15% w/w, about 20%
w/w, about 25% w/w, about 30% w/w, about 35% w/w,
about 40% w/w, about 45% w/w, or about 50% w/w. In
various embodiments, the concentration of the compound 1s
about 30% w/w. In various embodiments, the concentration
of the compound 1s about 40% w/w. In various embodi-
ments, the concentration of the compound 1s about 45%
w/w. In various embodiments, the concentration of the
compound 1s about 50% w/w.

In embodiments, the amount of the compound (e.g.,
compound of Formula I, A-182086) 1n the biodegradable
ocular 1mplant 1s present in the biodegradable polymer 1s
about 1 ug to about 500 ug (e.g., about 10 ug to about S00
ug, about 20 ug to about 500 g, about 30 ug to about S00
ug, about 40 ug to about 500 g, about 30 ug to about 300
ug, about 60 ug to about 500 ng, about 70 ug to about 300
ug, about 80 ug to about 500 g, about 90 ug to about 500
ug, about 100 ug to about 500 ug, about 100 ug to about 500
ug, about 125 ug to about 500 ug, about 1350 ug to about 500
ug, about 175 ug to about 500 ug, about 200 ug to about 500
ug, about 2235 ug to about 500 ug, about 2350 ug to about 500
ug, about 275 ug to about 500 ug, about 300 ug to about 500
ug, about 325 ug to about 500 ug, about 350 ug to about 500
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ug, about 375 ug to about 500 ug, about 400 ug to about 500
ug, about 425 ug to about 500 ug, about 450 ug to about 500
ug, and about 475 ug to about 500 ug). In various embodi-
ments, the amount of the compound (e.g., compound of
Formula I, A-182086) in the biodegradable ocular implant 1s
present in the biodegradable polymer 1s about 70 ug to about
230 ug (e.g., about 70 ng, about 75 ug, about 80 ug, about
85 ug, about 90 ug, about 95 ug, about 100 ug, about 105 ug,
about 110 pg, about 115 ng, about 120 ug, about 125 ug,
bout 130 pg, about 135 pg, about 140 ng, about 145 ug,
bout 150 pg, about 155 pg, about 160 nug, about 165 ug,
pout 170 pg, about 175 pg, about 130 ng, about 185 ug,
bout 190 pg, about 195 ng, about 200 ug, about 205 ug,
bout 210 ug, about 215 ng, about 220 ug, about 225 ug, and
about 230 ug). In various embodiments, the amount of the
compound (e.g., compound of Formula I, A-182086) 1n the
biodegradable ocular implant 1s present 1n the biodegradable
polymer 1s about 165 ug to about 220 ug (e.g., about 165 ug,
about 170 ng, about 175 ng, about 180 ng, about 185 g,
about 190 g, about 195 g, about 200 ng, about 205 g,
about 210 ug, about 215 ug, and about 220 ug). In some
embodiments, the amount of the compound (e.g., compound
of Formula I, A-182086) 1n the biodegradable ocular implant
1s present 1n the biodegradable polymer 1s about 130 ug to
about 250 ug, about 300 ng to about 5350 ug, or about 300 ng
to about 600 ug. In various embodiments, the amount of the
compound (e.g., compound of Formula I, A-182086) 1n the
biodegradable ocular implant 1s present in the biodegradable
polymer 1s about 330 ug to about 500 ug (e.g., about 330 ug,

Lo O o o
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about 335 g, about 340 ug, about 345 ug, about 350 g,
about 355 ng, about 360 ug, about 365 ug, about 370 ug,
about 375 ng, about 380 ug, about 385 ug, about 390 g,
about 395 ug, about 400 ug, about 405 ug, about 410 ug,
about 415 pg, about 420 ug, about 425 ug, about 430 ug,
about 435 pg, about 440 pg, about 445 ug, about 450 ug,
about 455 pg, about 460 ug, about 465 ug, about 470 ug,
about 475 pg, about 480 ug, about 4385 ug, about 490 ug,
about 495 g, and about 500 ug).

Biodegradable Polymers

Suitable polymeric materials or compositions for use in
the implants described herein include those materials which
are compatible, that 1s biocompatible, with the eye so as to
cause no substantial interference with the functioning or
physiology of the eye. Such polymeric materials may be
biodegradable, bioerodible or both biodegradable and bio-
erodible.

The term “biodegrade” or “biodegradable” as used herein
generally refers to a biologically assisted degradation pro-
cess that the polymer making-up the implant undergoes 1n a
biological environment, such as within the body of a subject.
It would be appreciated that biodegradation encompasses
within its scope the processes of absorption, dissolution,
breaking down, degradation, assimilation, or otherwise
removal of the implant from the body, a biological environ-
ment.

The term “polymer” as used herein encompasses both
homopolymers (polymers having only one type of repeating
unmit) and copolymers (a polymer having more than one type
ol repeating unit).

The term “biodegradable polymer” as used herein refers
to a polymer or polymers, which degrade in vivo, under
physiological conditions. The release of the therapeutic
agent occurs concurrent with, or subsequent to, the degra-
dation of a biodegradable polymer over time.

In preferable embodiments, the biodegradable polymer 1s
a PLGA (poly(lactic-co-glycolic acid)). PLGA polymers are

known to degrade via backbone hydrolysis (bulk erosion)
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and the final degradation products are lactic and glycolic
acids, which are non-toxic and considered natural metabolic
compounds. Lactic and glycolic acids are eliminated safely

via the Krebs cycle by conversion to carbon dioxide and
walter.

PLGA 1s synthesized through random ring-opening co-
polymerization of the cyclic dimers of glycolic acid and
lactic acid. Successive monomeric units of glycolic or lactic
acid are linked together by ester linkages. The ratio of lactide
to glycolide can be varnied, altering the biodegradation
characteristics of the product. By altering the ratio, 1t 1s
possible to tailor the polymer degradation time. Importantly,
fected by the rate of

biodegradation, molecular weight, and degree of crystallin-

drug release characteristics are a

ity 1n drug delivery systems. By altering and customizing the
biodegradable polymer matrix, the drug delivery profile can
be changed.

PLGA 15 cleaved predominantly by non-enzymatic hydro-
lysis of 1ts ester linkages throughout the polymer matrix, 1n
the presence of water in the surrounding tissues. PLGA
polymers are biocompatible, because they undergo hydro-
lysis 1n the body to produce the original monomers, lactic
acid and/or glycolic acid. Lactic and glycolic acids are
nontoxic and eliminated safely via the Krebs cycle by
conversion to carbon dioxide and water. The biocompatibil-
ity of PLGA polymers have been further examined 1n both
non-ocular and ocular tissues of animals and humans. The
findings indicate that the polymers are well tolerated.

Examples of PLGA polymers, which may be utilized 1n an
embodiment of the disclosure, include the RESOMER®
Product line from Evonik Industries 1dentified as, but are not
limited to, RG502, RG502H, RG503, RG503H, RG504,
RG504H, RG5035, RG653H, RG750S, RG752H, RG7328S,
RG753H, RG753S, RG755S, RG756S, RG757S, and
RGR58S.

Such PLGA polymers include both acid and ester termi-
nated polymers with inherent wviscosities ranging from
approximately 0.14 to approximately 1.7 dL/g when mea-
sured at 0.1% w/v 1n CHCI, at 25° C. with an Ubbelhode
s1ize Oc glass capillary viscometer. Example polymers used
in various embodiments of the disclosure may include
variation in the mole ratio of D,L-lactide to glycolide from

approximately 50:50 to approximately 85:15, including, but
not limited to, 50:50, 65:35, 75:25, and 85:15.

Other examples ol PLGA polymers which may be utilized
in an embodiment of the disclosure include those produced
by Lakeshore Biomaterials identified as, but are not limited
to, DLG 1A, DLG 3 A, or DLG 4A. Such DLG polymers
include both acid (A) and ester (E) terminated polymers with
inherent viscosities ranging from approximately 0.0.5 to
approximately 1.0 dL/g when measured at 0.1% w/v 1n
CHCI, at 25° C. with an Ubbelhode size Oc glass capillary
viscometer. Example polymers used in various embodiments
of the disclosure may 1nclude variation in the mole ratio of
D,L-lactide to glycolide from approximately 1:99 to

approximately 99:1, including, but not limited to, 50:50,
65:35, 75:25, and 85:15.

RESOMERS® identified by an “RG” or “DLG” 1n the
product name, such as RG752S, 1s a poly(D,L-lactide-co-
glycolide) or PLGA having the general structure (V):
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The synthesis of various molecular weights of DLG with
vartous D,L-lactide-glycolide ratios 1s possible. In one
embodiment, DLG, such as 1A, with an inherent viscosity of
approximately 0.05 to approximately 0.15 dLL/g can be used.
In another embodiment, DLG, such as 2A, with an inherent
viscosity ol approximately 0.15 to approximately 0.25 dL/g
can be used. [0168] Poly(D,L-lactide-co-glycolide) or
PLGA copolymers can be synthesized at different ratios of
lactide to glycolide, such as a lactide:glycolide ratio of
75:25. These copolymers can be an ester-terminated PLGA
copolymer, as i1dentified by the terminal “S” 1n the product
name, or an acid-terminated PLGA copolymer, as 1dentified
by the terminal “H” 1n the product name.

In some embodiments, the biodegradable ocular implant
of the disclosure comprises at least one PLGA, wherein each
PLGA 1s independently selected from the group consisting
of RG502, RG502S, RG502H, RG503, RGS503H, RG504,
RG504H, RG505, RG506, RG653H, RG752H, RG7352S,
RG753H, RG753S5, RG755, RG753S, RG756, RG7568,
RG757S, RG750S, RG858, and RG858S. In some embodi-
ments, the biodegradable polymer comprises a poly(lactic-
co-glycolic acid) (PLGA), wherein the PLGA 1s selected
from the group consisting of RG502, RG503H, RG303,
RG752S, RG733S, RG755S, RG756S, and RG838S. In
some embodiments, the biodegradable polymer comprises a
poly(lactic-co-glycolic acid) (PLGA), wherein the PLGA 1s
selected from the group comnsisting of RG302, RG503,
RG752S, RG7353S5, RG755S, RG756S, and RG838S. In
some embodiments, the biodegradable ocular implant of the
disclosure comprises one PLGA. In some embodiments, the
PLGA has a ratio of PLA and PLG of about 65:35.

In some embodiments, the biodegradable ocular implant
of the disclosure comprises at least two PLGA. In some

embodiments, the biodegradable polymer comprises at least
three PLGA (e.g., three to six PLGA, three PLGA, four

PLGA, five PLGA).

In some embodiments, the biodegradable ocular implant
of the disclosure comprises at least two PLGA, wherein each
PLGA 1s independently selected from the group consisting

of RG502, RG502H, RG503, RG503H, RG504, RGS04H,
RG505, RG653H, RG750S, RG752H, RG752S, RG753H,
RG753S, RG755S, RG756S, RG757S, and RGRSKS. In
some embodiments, the biodegradable ocular implant of the
disclosure comprises at least two PLGA 1n a ratio of about
99%:about 1% (e.g., about 98%:about 2%, about 97%:about
3%, about 96%:about 4%, about 95%:about 3%, about
94%:about 6%, about 95%:about 5%, about 94%:about 6%,
about 93%:about 7%, about 92%:about 8%, about 91%:
bout 9%, about 90%:about 10%, about 90%:about 10%,
bout 89%:about 11%, about 88%:about 12%, about 87%:
bout 13%, about 87%:about 13%, about 86%:about 14%,
bout 85%:about 135%, about 84%:about 16%, about 83%:
bout 17%, about 82%:about 18%, about 81%:about 19%,
bout 80%:about 20%, about 79%:about 21%, about 78%:
bout 22%, about 77%:about 23%, about 76%:about 24%,
bout 75%:about 25%, about 74%:about 26%, about 73%:
bout 27%, about 72%:about 28%, about 71%:about 29%,

O LD D Do LoD D
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bout 70%:about 30%, about 69%:about 31%, about 68%:
bout 32%, about 67%:about 33%, about 66%:about 34%,
bout 65%:about 35%, about 64%:about 36%, about 63%:
bout 37%, about 62%:about 38%, about 61%:about 39%,
bout 60%:about 40%, about 59%:about 41%, about 58%:
bout 42%, about 57%:about 43%, about 56%:about 44%,
bout 55%:about 45%, about 54%:about 46%, about 53%:
bout 47%, about 52%:about 48%, about 51%:about 49%,
bout 50%:about 50%, about 49%:about 51%, about 48%:
bout 52%, about 47%:about 53%, about 46%:about 54%,
bout 45%:about 55%, about 44%:about 56%, about 43%:
bout 57%, about 42%:about 58%, about 41%:about 59%,
bout 40%:about 60%, about 39%:about 61%, about 38%:
bout 62%, about 37%:about 63%, about 36%:about 64%,
bout 35%:about 65%, about 34%:about 66%, about 33%:
bout 67%, about 32%:about 68%, about 31%:about 69%,
bout 30%:about 70%, about 29%:about 71%, about 28%:
bout 72%, about 27%:about 73%, about 26%:about 74%,
bout 25%:about 75%, about 24%:about 76%, about 23%:
bout 77%, about 22%:about 78%, about 21%:about 79%,
bout 20%:about 80%, about 19%:about 81%, about 18%:
bout 82%, about 17%:about 83%, about 16%:about 84%,
bout 15%:about 85%, about 14%:about 86%, about 13%:
bout 87%, about 12%:about 88%, about 11%:about 89%,
about 10%, about 90%, about 9%:about 91%, about
8%:about 92%, about 7%:about 93%, about 6%:about 94%,
about 5%:about 95%, about 4%:about 96%, about 3%:about
97%, about 2%:about 98%, and about 1%:about 99%). In
some embodiments, the biodegradable ocular implant of the
disclosure comprises at least two PLGA 1n a ratio of about

50% to about 75%:about 25% to about 50% (e.g., about 50%
to about 70%:about 30% to about 50%, about 50% to about
65%:about 35% to about 50%, about 50% to about 60%:
about 40% to about 50%, and about 35%:about 45%). In
certain embodiments, the biodegradable ocular implant of
the disclosure comprises at least two PLGA 1n a ratio of
about 50%:about 50%. In embodiments, the two PLGA are
RG503 and RG503H. In embodiments, the two PLGA are
RG502 and RG502H. In embodiments, the two PLGA are
RG504 and RG504H.

In some embodiments, the biodegradable polymer com-
prises at least three varying biodegradable polymers. In
some embodiments, the biodegradable polymer comprises at
least three PLGA, wherein each PLGA 1s independently
selected from the group consisting of RG502, RG502H,
RG503, RGS03H, RG304, RG504H, RG50S, RG6353H,
RG7SOS RG752H, RG7528 RG753H, RG753S RG7558S,
RG756S, RG757S, and RGRS8S. In some embodiments, the
biodegradable polymer comprises at least three PLGA 1n a
ratio of about 1% to about 95% (e.g., about 1%, about 5%,
about 10%, about 15%, about 20%, about 25%, about 30%,
about 35%, about 40%, about 45%, about 50%, about 55%,
about 60%, about 65%, about 70%, about 75%, about 80%,
about 85%, about 90%, and about 95%):about 1% to about
95% (e.g., about 1%, about 5%, about 10%, about 15%,
about 20%, about 25%, about 30%, about 35%, about 40%,
about 45%, about 50%, about 55%, about 60%, about 65%,
about 70%, about 75%, about 80%, about 85%, about 90%,
and about 95%):about 1% to about 93% (e.g., about 1%,
about 5%, about 10%, about 15%, about 20%, about 25%,
about 30%, about 35%, about 40%, about 45%, about 50%.,
about 55%, about 60%, about 65%, about 70%, about 75%,
about 80%, about 85%, about 90%, and about 95%).

In some embodiments, the biodegradable polymer com-
prises at least three PLGA 1n a ratio of about 40%:about
40%:about 20%. In some embodiments, the biodegradable
polymer comprises at least three PLGA 1n a ratio of about
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50%:about 10%:about 40%. In some embodiments, the
biodegradable polymer comprises at least three PLGA 1n a
ratio of about 10%:about 50%:about 40%. In some embodi-
ments, the biodegradable polymer comprises at least three
PLGA 1n a ratio of about 40%:about 40%:about 20%. In

some embodiments, the biodegradable polymer comprises at
least three PLGA 1n a ratio of about 10%:about 50%:about
40%. In some embodiments, the biodegradable polymer
comprises at least three PLGA 1n a ratio of about 20%:about
60%:about 20%. In some embodiments, the biodegradable
polymer comprises at least three PLGA 1n a ratio of about
20%:about 50%:about 30%. In some embodiments, the
biodegradable polymer comprises at least three PLGA 1n a
ratio of about 15%:about 50%:about 35%. In some embodi-
ments, the biodegradable polymer comprises at least three
PLGA 1n a ratio of about 13%:about 45%:about 40%. In
embodiments, each PLGA 1s independently selected from
the group consisting of RG303, RG503H and RG753S. In
embodiments, each PLGA 1s independently selected from
the group consisting of RG302, RG503, and RG7338S. In
embodiments, each PLGA 1s independently selected from
the group consisting of RG302, RG503, and RG732S. In
certain embodiments, each PLGA 1s independently selected
from the group consisting of RG502, RG303, and RG735S.
In certain embodiments, each PLGA 1s independently
selected from the group consisting of RG502, RG303, and
RG7568S.

In some embodiments, the biodegradable polymer com-
prises at least four varying biodegradable polymers. In some
embodiments, the biodegradable polymer comprises at least
four PLGA, wherein each PLGA 1s independently selected
from the group consisting of RG502, RG502H, RG303,
RG503H, RG504, RG504H, RG305, RG653H, RG7350S,
RG752H, RG73528, RG753H, RG733S, RG753S, RG7568,
RG7578S, and RGR5&S. In certain embodiments, the biode-
gradable polymer comprises at least four PLGA, wherein
cach PLGA 1s independently selected from the group con-
sisting of RG502, RG303, RG753S, RG735S, RG7368S, and
RGR838S. In certain embodiments, the biodegradable poly-
mer comprises at least four PLGA, wherein each PLGA 1s
independently selected from the group consisting of RG3502,
RG503, RG753S, and RG858S.

In some embodiments, the biodegradable polymer com-
prises at least four PLGA 1n a ratio of about 1% to about 95%
(e.g., about 1%, about 3%, about 10%, about 13%, about
20%, about 25%, about 30%, about 35%, about 40%, about
45%, about 50%, about 55%, about 60%, about 65%, about
70%, about 75%, about 80%, about 85%, about 90%, and
about 95%):about 1% to about 95% (e.g., about 1%, about
5%, about 10%, about 135%, about 20%, about 25%, about
30%, about 35%, about 40%, about 45%, about 50%, about
55%, about 60%, about 65%, about 70%, about 75%, about
80%, about 85%, about 90%, and about 95%):about 1% to
about 95% (e.g., about 1%, about 5%, about 10%, about
15%, about 20%, about 25%, about 30%, about 35%, about
40%, about 45%, about 50%, about 55%, about 60%, about
65%, about 70%, about 75%, about 80%, about 85%, about
90%, and about 95%):about 1% to about 95% (e.g., about
1%, about 5%, about 10%, about 15%, about 20%, about
25%, about 30%, about 35%, about 40%, about 45%, about
50%, about 55%, about 60%, about 65%, about 70%, about
715%, about 80%, about 83%, about 90%, and about 95%).
In some embodiments, the biodegradable polymer com-
prises at least four PLGA 1n a ratio of about 10% to about
30% (e.g., about 10%, about 15%, about 20%, about 25%,
and about 30%):about 20% to about 40% (e.g., about 20%,
about 25%, about 30%, about 35%, about 40%):about 20%
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to about 40% (e.g., about 20%, about 25%, about 30%, about
35%, about 40%):about 10% to about 30% (e.g., about 10%,
about 15%, about 20%, about 25%, and about 30%). In some
embodiments, the biodegradable polymer comprises at least
four PLGA 1n a ratio of about 1% to about 20% (e.g., about
1%, about 5%, about 10%, about 15%, about 20%):about
40% to about 60% (e.g., about 40%, about 45%, about 50%,
about 55%, about 60% ):about 20% to about 40% (e.g., about
20%, about 25%, about 30%, about 35%, about 40%):about
1% to about 20% (e.g., about 1%, about 5%, about 10%,
about 15%, about 20%).

In certain embodiments, the biodegradable polymer com-
prises at least four PLGA 1n a ratio of about 20%:about
30%:about 30%:about 20%. In certain embodiments, the
biodegradable polymer comprises at least four PLGA 1n a
ratio of about 10%:about 50%:about 30%:about 10%. Each
of the four PLGA 1n the biodegradable polymer may 1nde-

pendently selected from the group consisting of RG502,
RG503, RG7353S, RG755S, RG7568, and RGR58S. In some

embodiments, each PLGA 1s independently RG302, RG303,
RG753S, or RG838S.

In some embodiments, the biodegradable polymer com-
prises RG503, RG502 and RG7538S 1n a ratio of about 40 to
about 60%:about 5 to about 20%:about 30 to about 50%. In
certain embodiments, the biodegradable polymer comprises
RG503, RG502 and RG753S 1n a ratio of about 50%:about
10%:about 40%.

In some embodiments, the biodegradable polymer (e.g.,
PLGA) biodegrades substantially from about 1 month to
about 24 months (e.g., about 2 months to about 24 months,
about 5 months to 24 months, about 7 months to about 10
months, about 10 months to about 24 months, about 12
months to about 24 months, about 15 months to about 24
months, about 17 months to about 24 months, about 20
months to about 24 months, and about 22 months to about
24 months). In some embodiments, the biodegradable poly-
mer (e.g., PLGA) biodegrades substantially from about 3
months to about 12 months (e.g., about 4 months to about 12
months, 5 months to about 12 months, about 5 months to
about 12 months, about 6 months to about 12 months, about
7 months to about 12 months, about 8 months to about 12
months, about 9 months to about 12 months, about 10
months to about 12 months, and about 11 months to about
12 months). In some embodiments, the biodegradable poly-
mer (e.g., PLGA) biodegrades substantially from about 12
months to about 18 months (e.g., about 13 months to about
18 months, about 14 months to about 18 months, about 15
months to about 18 months, about 16 months to about 18
months, and about 17 months to about 18 months). In some
embodiments, the biodegradable polymer (e.g., PLGA) bio-
degrades substantially from about 3, 4, 5, 6, 7, 8, 9, 10, 11
or 12 months.

Biodegradable Ocular Implant

The biodegradable ocular implant described herein com-
prises a biodegradable polymer containing a compound
incorporated therein. In preferable embodiments, the com-
pound 1s a compound of Formula I. The biodegradable
ocular implant of the present disclosure may treat an ocular
disease, comprising contacting an optical tissue in a subject
with the biodegradable ocular implant, wherein the ocular
disease 1s selected from the group consisting of glaucoma,
diabetic retinopathy (DR), retinal vein occlusion (RVO), and
retinopathy of prematurity (ROP), and the compound 1s
present 1n an amount therapeutically eflective for treating,
the ocular disease.

In various embodiments, the implant has a diameter of
about 300 um to about 400 um (e.g., about 300 um, about
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325 um, about 350 um, about 375 um, and about 400 um),
and a length of about 4 mm to about 5 mm (e.g., about 4.1
mm, about 4.2 mm, about 4.3 mm, about 4.4 mm, about 4.5
mm, about 4.6 mm, about 4.7 mm, about 4.8 mm, about 4.9
mm, and about 5 mm). In certain embodiments, the implant
has a diameter of about 300 um and a length of about 4 mm.
In certain embodiments, the implant has a diameter of about
340 um and a length of about 4 mm.

In various embodiments, the implant has a total weight of
about 250 ng to about 450 ug (e.g., about 250 ug, about 270
ug, about 290 ug, about 310 ug, about 330 ug, about 350 ng,
about 370 ug, about 390 ug, about 410 ng, about 430 ug, and
about 450 ng). In various embodiments, the implant has a
total weight of about 300 ug to about 450 ug. In various
embodiments, the implant has a total weight of about 350 ug
to about 450 ug. In some embodiments, the implant has a
total weight of about 380 ug.

In some embodiments, the biodegradable ocular implant
comprises 1nitially at least about 93% to about 99% (e.g.,
about 95%, about 96%, about 97%, about 98%, and about
99%) of a matrix of the biodegradable polymer and the
compound. In some embodiments, the biodegradable ocular
implant comprises initially at least 95% of a matrix of the
biodegradable polymer and the compound. In some embodi-
ments, the biodegradable ocular implant comprises initially
at least about 80% to about 95% (e.g., about 80%, about
81%, about 82%, about 83%, about 84%, about 85%, about
86%, about 87%, about 88%, about 89%, about 90%, about
91%, about 92%, about 93%, about 94%, and about 95%) of
a matrix of the biodegradable polymer and the compound.

In certain embodiments, the biodegradable ocular implant
comprises about

The rate of therapeutic agent (e.g., a compound of For-
mula I) release from a intravitreal implant or particle sus-
pension (for example, a biodegradable ocular implant of the
present disclosure) may depend on several factors, including
but not limited to the surface area of the implant, therapeutic
agent content, and water solubility of the therapeutic agent,
and speed of polymer degradation.

In some embodiments, less than 40% (e.g., about 40%,
about 35%, about 30%, about 25%, about 20%, about 15%.,
about 10%, and about 5%) of the compound 1s released from
the biodegradable ocular implant when placed 1n phosphate
buflered saline (PBS) 1n about 1 month. In some embodi-
ments, less than 90% (e.g., about 90%, about 85%, about
80%, about 75%, about 70%, about 65%, about 60%, about
55%, about 50%, about 45%, about 40%, about 35%, about
30%, about 25%, about 20%, about 15%, about 10%, and
about 5%) of the compound 1s released from the biodegrad-
able ocular implant when placed in phosphate builered
saline (PBS) 1n about 1 month to about 12 months (about 1
month, about 2 months, about 3 months, about 4 months,
about 5 months, about 6 months, about 7 months, about 8
months, about 9 months, about 10 months, about 11 months,
about 12 months).

In various embodiments, the implant 1s administered as an
intravitreal admuinistration. An intravitreal administration
refers to drug administration into the vitreous humor of the
eye. In some embodiments, the implant 1s administered
locally to the back of the eye. In some embodiments, the
implant 1s 1injected into the mtravitreal space using a needle
and applicator. In some embodiments, the biodegradable
ocular implant comprises a dose of the compound (e.g.,
compound of Formula I) 1n a range of about 1 ug to about
1 mg (e.g., about 1 ug, about 10 ug, about 25 ng, about 50
ug, about 75 ug, about 100 ng, about 125 ug, about 150 ng,
about 175 ng, about 200 ng, about 225 g, about 2350 g,
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about 275 ng, about 300 ug, about 325 ug, about 350 ug,
about 375 ng, about 400 ug, about 425 ug, about 450 ng,
about 475 ng, about 500 ug, about 325 ug, about 550 ng,
about 575 ng, about 600 ug, about 625 ug, about 650 ng,
about 675 ng, about 700 ug, about 725 ug, about 750 ng,
about 775 pg, about 300 pug, about 8325 ug, about 850 ug,
about 875 ug, about 900 ug, about 925 ng, about 950 ug, and
about 975 ug). In some embodiments, the biodegradable

ocular implant comprises a dose of the compound (e.g.,
compound of Formula I) 1n a range of about 10 ug to about
100 pg. In some embodiments, the biodegradable ocular
implant comprises a dose of the compound (e.g., compound
of Formula I) 1n a range of about 500 ug to about 4 mg (e.g.,
about 1 mg, about 1.5 mg, about 2 mg, about 2.5 mg, about
3 mg, and about 3.5 mg). In some embodiments, the dose 1s
about 150 ug to about 250 ug. In certain embodiments, the
dose 1s about 165 ug to about 220 ug (e.g., about 165 g,
about 170 ng, about 175 ng, about 180 ng, about 185 g,
about 190 ng, about 195 ug, about 200 ng, about 205 g,
about 210 ug, about 215 ug, and about 220 ug). In some
embodiments, the dose 1s about 300 ug to about 500 ng. In
some embodiments, the dose 1s about 300 ug to about 530
ug. In some embodiments, the dose 1s about 300 ug to about
600 ng. In certain embodiments, the dose 1s about 330 g to
about 500 g (e.g., about 330 ug, about 335 ug, about 340
ug, about 345 ug, about 350 ug, about 355 ug, about 360 ng,
bout 365 pg, about 370 ng, about 375 ug, about 380 ug,
bout 3385 ug, about 390 ng, about 395 ug, about 400 ug,
bout 405 ng, about 410 ng, about 415 ug, about 420 ug,
oout 425 ng, about 430 ng, about 435 ug, about 440 ug,
oout 445 pg, about 450 ng, about 455 ug, about 460 ug,
oout 465 ng, about 470 ng, about 475 ug, about 430 ug,
bout 485 ug, about 490 ug, about 495 ng, and about 500
ug). In some embodiments, the dose 1s about 200 ug to about
400 ug (e.g., about 200 g, about 210 ug, about 220 g,
about 230 pg, about 240 pg, about 250 ug, about 260 ug,
bout 270 ng, about 2830 ng, about 290 nug, about 300 ug,
bout 310 pg, about 320 pg, about 330 nug, about 340 ug,
bout 350 pg, about 360 ng, about 370 nug, about 330 ug,
bout 390 ng, about 400 ng). In some embodiments, the dose
1s about 175 ng.

In some embodiments, the biodegradable ocular implant
1s a sterile biodegradable ocular implant. As used herein,
“sterile” refers to the composition meeting the requirements
of sterility enforced by medicine regulatory authorities, such
as the MCA 1n the UK or the FDA 1n the US. Tests are
included 1n current versions of the compendia, such as the
British Pharmacopoeia and the US Pharmacopoeia. In some
embodiments, the biodegradable ocular implant 1s a sub-
stantially pure biodegradable ocular implant. In some
embodiments, the biodegradable ocular implant 1s a medi-
cal-grade biodegradable ocular implant. In some embodi-
ments, the biodegradable ocular implant 1s administered 1nto
the intravitreal space every 3 to 12 months.

In some embodiments, provided herein 1s a biodegradable
ocular 1mplant comprising: a biodegradable polymer con-
taining a compound incorporated therein; wherein the com-
pound 1s a compound of Formula I or a pharmaceutically
acceptable salt thereof, wherein the concentration of the

compound 1n the biodegradable polymer 1s about 45% w/w;
and the biodegradable polymer comprises RG503, RG302

and RG753S 1n a ratio of about 50%:about 10%:about 40%.

In some certain embodiments, provided herein 1s a bio-
degradable ocular implant comprising: a biodegradable
polymer contaiming a compound incorporated therein;
wherein the compound 1s a compound of Formula I or a
pharmaceutically acceptable salt thereof, wherein the con-
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centration of the compound in the biodegradable polymer 1s
about 45% w/w; and the biodegradable polymer comprises

RG503, RG502 and RG753S 1n a ratio of about 20%:about
20%:about 60%.
Method of Making,

A method of making a biodegradable ocular implant
described herein comprises subjecting a biodegradable poly-
mer containing a compound via solvent casting, injection
molding, or extrusion, wherein the compound 1s a compound
of Formula I:

()

O /N
R
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or a pharmaceutically acceptable salt thereof.

Prior to implant fabrication blends of the polymer matrix
and therapeutic agent may be dissolved and mixed with
solvent to produce homogenecously dispersed therapeutic
agent through the body of the implant. Prepared blends may
cach contain a different ratio of multiple, e.g., three, difierent

PLGA polymers. The PLGA polymers used to produce the
pharmaceutical compositions of the present invention may
include, but are not limited to, RESOMER® R(G502,
RG503, RG752S RG753S, and 65/35 PLA/PLG, all of
which are commercially available.

The following 1s an exemplary procedure used to prepare
the compositions of the present invention: For example the
polymers, 1n a particular ratio, are dissolved 1n an organic
solvent, such as methylene chloride. The therapeutic agent
(such as Edonentan) are then added to the polymer solution
and dissolved. The methylene chloride 1s then evaporated 1n
a polytetratluoroethylene (PTFE) dish at room temperature.
After the methylene chloride i1s evaporated, a thin film of
homogeneous material remains. In an embodiment, the thin
films range from 200 um to 300 um in thickness.

The remaining homogenous film i1s then muilled to a
powder using a cryogenic mill. Small portions of the film are
added to stainless steel cryogenic milling vessels with 2 to
3 appropriately sized grinding balls and precooled using
liquid nitrogen for 2 to 3 minutes at 5 Hz. The maternial 1s
then milled for 1 minute from 20 Hz to 25 Hz with 1 minute
of rest at 5 Hz. This milling/rest cycle 1s repeated from 2 to
5 times. The resulting material 1s a coarse to fine powder of
homogenous material.

The implants of the present invention may be prepared, 1n
an embodiment, using the homogenous material described
above. In an embodiment, the implants are formed by
injection molding. Injection molding can, for example, be
performed by a suitable injection molder, such as a modified
Haake Minilet (ThermoFisher Scientific). The following is
an exemplary procedure used to prepare the implants of the
present invention.




US 11,786,510 B2

15

The homogeneous powder 1s loaded and injected mto a
mold consisting of channels of an appropriate size, such as
300 umx12 mm. The powder 1s loaded 1nto a barrel leading
into the mold and the mold placed under vacuum. The mold
temperature 1s held from 15° C. to 75° C. The cylinder,
surrounding the powder loaded barrel, 1s held from 145° C.
to 220° C. for 10 to 15 minutes to melt the powder blend.
The mjection 1s performed using an 1njection pressure of 220
bar to 330 bar holding for 2 to 10 minutes. A post injection
pressure 1s held at 50 bar from 2 to 10 minutes. The mold 1s
then cooled down to 15 to 23° C. belfore removing the mold
from the injection molder. The molded fibers are then
removed from the mold and then cut into implants with a
target weight and length. In some embodiments, the

implants are 4 mm 1n length and contain about 165 ug to
about 220 ug of active mgredient, such as Edonentan.

The implants of the present invention may be prepared, in
an embodiment, using the homogenous material described
above. In an embodiment, the implants are formed by
extrusion for example, hot melt extrusion. Hot melt extru-
sion can be performed using ThermoFisher Pharma mini

HME Micro Compounder, ThermoFisher FP-Pharma-11-
Twin-230x100, ThermoFisher Pharma 11 Twin-Screw
Extruder, ThermoFisher FP-Pharma 230x100, Ther-
moFisher Pharma 16 Twin-Screw Extruder, or Barrell Engi-
neering Micro Syringe Type Extruder.
Crystalline Forms

In another aspect, the biodegradable ocular implants
described herein and methods of use thereof comprise a
biodegradable polymer containing a solid form of a com-
pound of Formula I.

In certain embodiments, the solid form of the compound
of Formula I:

(D

O /N
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1s an anhydrous crystalline form (Form 4), having an X-ray
powder diffraction pattern comprising at least three charac-

terization peaks, in terms of 20, selected from peaks at
5.6£0.2°, 11.4+£0.2°, 17.7x£0.2°, 19.320.2°, 21.1£0.2°, and

21.9+0.2°.

In some embodiments of the solid form, the anhydrous
crystalline Form 4 has the following X-ray powder diflrac-
tion pattern expressed 1n terms of diffraction angles (20):
5.6£0.2°,11.4+£0.2°,17.7£0.2°,19.3£0.2°, and 21.9+£0.2°. In
some embodiments of the solid form, the anhydrous crys-
talline Form 4 has the following X-ray powder diffraction
pattern expressed in terms of diflraction angles (20):
11.4+0.2°, 17.7+0.2°, and 19.3+0.2°. In some embodiments
of the solid form, the anhydrous crystalline Form 4 shows a
T. of about 163° C. by DSC analysis. In some embodiments
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of the solid form, the anhydrous crystalline Form 4 has the
following X-ray powder diflraction pattern expressed in

terms of diflraction angles (20): 5.6x0.2°, 11.4+0.2°,
17.7+0.2°, 19.3+0.2°, and 21.9+0.2°. In some embodiments
of the solid form, the anhydrous crystalline Form 4 has the
following X-ray powder diflraction pattern expressed 1in

terms ol diffraction angles (20): 11.4+0.2°, 17.7+£0.2°, and
19.3+0.2°. In some embodiments of the solid form, the

anhydrous crystalline Form 4 shows a T. of about 163° C. by
DSC analysis.

In some embodiments, said compound 1s 90% by weight
or more 1n crystalline Form 4 based on the total weight of the
compound present in the composition. In some embodi-
ments, the compound of Formula I1s 95% by weight or more
in crystalline Form 4 based on the total weight of the
compound present in the composition. In some embodi-
ments, the compound of Formula I1s 96% by weight or more
in crystalline Form 4 based on the total weight of the
compound present 1 the composition. In some embodi-
ments, the compound of Formula I 1s 97% by weight or more
in crystalline Form 4 based on the total weight of the
compound present in the composition. In some embodi-
ments, the compound of Formula I1s 98% by weight or more
in crystalline Form 4 based on the total weight of the
compound present 1 the composition. In some embodi-
ments, the compound of Formula I 1s 99% by weight or more
in crystalline Form 4 based on the total weight of the
compound present 1n the composition.

In certain embodiments, the compound of Formula I 1s an
anhydrous crystalline form (Form 1), wherein the anhydrous

crystalline Form 1 has an X-ray powder diffraction pattern
comprising at least three characterization peaks, 1n terms of
20, selected from peaks at 6.3x0.2°, 7.5£0.2°, 11.7+0.2°,
15.1£0.2°, and 17.3+£0.2°; and said compound 1s 90% by
weight or more in crystalline Form 1 based on the total
weilght of the compound present 1n the composition.

In certain embodiments, the compound of Formula I 1s a
monohydrate crystalline form (Form 2), wherein the mono-
hydrate crystalline Form 2 has an X-ray powder difiraction

pattern comprising at least three characterization peaks, in
terms of 20, selected from peaks at 9.6x0.2°, 10.4+£0.2°,

19.6+£0.2°, 19.7+0.2°, 22.0+0.2°, 22.9+£0.2°, and 23.7+0.2°;
and said compound 1s 90% by weight or more 1n crystalline
Form 2 based on the total weight of the compound present
in the composition;

In certain embodiments, the compound of Formula I 1s an
anhydrous crystalline (Form 3), wherein the anhydrous
crystalline Form 3 has an X-ray powder diffraction pattern
comprising at least three characterization peaks, 1n terms of
20, selected from peaks at 7.8+£0.2°, 9.0+£0.2°, 11.6x0.2°,
15.8+£0.2°, and 19.1+£0.2°; and said compound 1s 90% by
weight or more in crystalline Form 3 based on the total
weight of the compound present 1n the composition.

As used herein, the term “amorphous™ refers to a solid
material having no long range order in the position of its
molecules. Amorphous solids are generally supercooled
liquids 1n which the molecules are arranged in a random
manner so that there 1s no well-defined arrangement, e.g.,
molecular packing, and no long range order. Amorphous
solids are generally 1sotropic, 1.e. exhibit similar properties
in all directions and do not have definite melting points. For
example, an amorphous material 1s a solid material having
no sharp characteristic crystalline peak(s) 1n its X-ray power
diffraction (XRPD) pattern (1.e., 1s not crystalline as deter-
mined by XRPD). Instead, one or several broad peaks (e.g.,
halos) appear 1 1ts XRPD pattern.
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Hydrate forms of crystalline Edonentan are contemplated,
e.g., Edonentan (H,O), , where m 1s a fractional or whole
number between about O and about 4 inclusive. For example,
contemplated herein are anhydrate or monohydrate forms of
crystalline Edonentan. In an embodiment, a disclosed crys-
talline form of Edonentan may have a water level of about
1 to 10% by weight (e.g., 3 to 9% or 5 to 8% by weight).
Ocular Diseases

The methods of the present disclosure include the use of
biodegradable ocular 1mplants comprising
described above 1n the treatment and amelioration of an
ocular disease selected from glaucoma, diabetic retinopathy
(DR), retinal vein occlusion (RVO), and retinopathy of
prematurity (ROP), which are described below.

Glaucoma

In the treatment of glaucoma using compositions com-
prising Edonentan described herein, a “therapeutically eflec-
tive amount” can be determined by assessing an improve-
ment 1n retinal blood flow (RBF) over what could be
achieved by the standard of care (lowering of intra-ocular
pressure (IOP)). For a glaucoma indication, the improve-
ment 1n blood flow 1n the healthy rabbit ocular model can be
used as predictive of pharmacodynamic response (PD) in
humans. Rabbits are commonly used to assess ocular PK/PD

relationship for compounds targeting human ocular diseases
due to the anatomic and functional similarities of the rabbait
and human eye. Previously, intravitreal administration of
ET-1 into the rabbit eye has been shown to induce significant

vasoconstriction and optic nerve damage (Sasaoka M. et al,
Exp . Jye Res 2006; Suglyama T. et al, Arch Ophthalmol

2009). Eflicacy 1n thls model 1s benchmarked to the reversal
of perfusion impairment induced by intravitreal E'T-1 admin-

istration at a concentration equivalent to the levels observed
in human glaucoma patients” plasma and aqueous humor (L1
S. et al, Journal of Ophthalmology 2016).

Other examples of relevant animal glaucoma models are
Morrison’s rat model of acutely elevated IOP and the
laser-induced non-human primate (NHP) glaucoma model.
Glaucoma 1 Morrison’s rat model 1s induced by sustained
clevation of 10P through hypertonic saline administration
via episcleral veins. In the laser-induced NHP glaucoma
model, after sustained elevation of 1I0P, optic nerve head
blood tflow has been shown to be reduced (Wang L. et al,
Invest Ophthalmol Vis Sc1 2012). Furthermore, the reduc-
tion i optic nerve head blood flow has been shown to
correlate with long-term structural changes 1n the optic
nerve (Cull G. et al, Invest Ophthalmol Vis Sc1 2013).

Efficacy in the above-described glaucoma models 1s
defined as reduction in IOP, improvement in optic nerve
head or retinal blood flow from baseline, prevention or
slowing of the progression of structural neurodegenerative
changes such as retinal nerve fiber layer thickness as mea-
sured by optical coherence tomography (OCT) or retinal
ganglion cell counts on flat mount as well as functional
changes such as electroretinography (ERG) or contrast sen-
sitivity after treatment with Edonentan.

It 1s believed that the effect of compositions comprising,
Edonentan on retinal blood flow can be assessed by the
blood vessel radius (r) in Poiseuille’s Law. An increase 1n (r)
with an endothelin antagonist, would induce a more pro-
nounced 1ncrease 1n blood flow than what can be achieved
by an increase 1n perfusion pressure through I0P reduction:

Blood flow=(perfusion pressurexzs*)/(8n)

where
I: blood vessel length
r: blood vessel radius
1: blood viscosity
perfusion pressure: mean arterial pressure—IOP
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Furthermore, compositions comprising Edonentan may
reduce IOP and/or prevent RGC death through mechanisms
independent of improvement in retinal/optic nerve head
tissue perfusion. Accordingly, by using certain specific Edo-
nentan, one (r) or more (I0P) of the above parameters can
be altered to improve the RBEF, thereby achieving therapeutic
cilicacy 1n treating glaucoma.

In some embodiments, the glaucoma patients are started
on treatment as soon as they are diagnosed. In some embodi-
ments, a biodegradable ocular implant comprising a com-
pound of Formula I (Edonentan) 1s administered locally to
the back of the eve using (e.g., using an intravitreal biode-
gradable ocular implant), with a frequency of every 3 to 12
months (e.g., every 4 to 12 months, every 5 to 12 months,
every 6 to 12 months, every 7 to 12 months, every 8 to 12
months, every 9 to 12 months, every 10 to 12 months, every
11 to 12 months, every 3 to 4 months, every 3 to 5 months,
every 3 to 6 months, every 3 to 7 months, every 3 to 8
months, every 3 to 9 months, every 3 to 10 months, or every
3 to 11 months).

In some embodiments, the biodegradable ocular implant
for treating glaucoma 1n a subject 1n need thereol comprises
a biodegradable polymer (e.g., PLGA) that biodegrades
substantially from about 1 month to about 24 months (e.g.,
about 2 months to about 24 months, about 5 months to 24
months, about 7 months to about 10 months, about 10
months to about 24 months, about 12 months to about 24
months, about 15 months to about 24 months, about 17
months to about 24 months, about 20 months to about 24
months, and about 22 months to about 24 months). In some
embodiments, the biodegradable polymer (e.g., PLGA) bio-
degrades substantially from about 3 months to about 12
months (e.g., about 4 months to about 12 months, 5 months
to about 12 months, about 5 months to about 12 months,
about 6 months to about 12 months, about 7 months to about
12 months, about 8 months to about 12 months, about 9
months to about 12 months, about 10 months to about 12
months, and about 11 months to about 12 months). In some
embodiments, the biodegradable polymer (e.g., PLGA) bio-
degrades substantially from about 12 months to about 18
months (e.g., about 13 months to about 18 months, about 14
months to about 18 months, about 15 months to about 18
months, about 16 months to about 18 months, about 17
months to about 18 months). In some embodiments, the
biodegradable polymer (e.g., PLGA) biodegrades substan-
tially 1n about 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12 months.
Diabetic Retinopathy (DR)

Diabetes can cause serious late complications which are
classified as microangiopathic (retinopathy, neuropathy, and
diabetic nephropathy) and macroangiopathic (cardiovascu-
lar disease). Diabetic retinopathy 1s the result of damage to
the small blood vessels and neurons of the retina. The
carliest changes leading to diabetic retinopathy include
narrowing of the retinal arteries associated with reduced
retinal blood flow; dysfunction of the neurons of the inner
retina, followed 1n later stages by changes 1n the function of
the outer retina, associated with subtle changes 1n visual
function; dysfunction of the blood-retinal barrier, which
protects the retina from many substances in the blood
(1including toxins and immune cells), leading to the leakage
of blood constituents into the retinal neuropile. Later, the
basement membrane of the retinal blood vessels thickens,
capillaries degenerate and lose cells, particularly pericytes
and vascular smooth muscle cells. This leads to loss of blood
flow and progressive 1schemia, and microscopic aneurysms
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which appear as balloon-like structures jutting out from the
capillary walls, which recruit inflammatory cells; and lead to
advanced dysfunction and degeneration of the neurons and
glial cells of the retina.

Ischemia and oxidant injury observed 1n DR compromises
blood flow and tissue 1schemia which we have discovered
can be reversed by compositions comprising Edonentan. For
DR indication, the improvement in retinal perfusion 1is
anticipated to reduce hypoxia and suppress vascular
endothelial growth factor (VEGF) upregulation with a resul-
tant benefit of slowing vascular proliferative changes, neo-
vascularization and/or macular edema complications.

As a surrogate model for the 1schemic retinopathy
changes observed in DR, a preclinical mouse model of
retinopathy of prematurity (ROP) can be used. Oxygen-
induced retinopathy in the mouse 1s a reproducible and
quantifiable proliferative retinal neovascularization model
suitable for examining pathogenesis and therapeutic inter-
vention for retinal neovascularization 1n ROP and other
vasculopathologies including DR. The model 1s induced by
exposure ol one-week-old C57BL/6J mice to 75% oxygen
for 5 days and then to room air as previously described
(Smith L E H et al., Invest Ophthalmol Vis Sci 1994).
Eflicacy 1n this preclinical model of ROP can be assessed by
studying retinal hypoxia and neovascularization. The current
standard of care 1n DR 1includes anti-VEGF therapies which
only address advanced vascular complications of disease.

In some embodiments, the patients with DR are started on
this treatment during the non-proliferative stages of the
disease. In some embodiments, a biodegradable ocular
implant comprising a compound of Formula I (Edonentan)
1s administered locally to the back of the eye (e.g., using an
intravitreal biodegradable ocular implant), with a frequency
of every 3 to 12 months (e.g., every 4 to 12 months, every
5 to 12 months, every 6 to 12 months, every 7 to 12 months,
every 8 to 12 months, every 9 to 12 months, every 10 to 12
months, every 11 to 12 months, every 3 to 4 months, every
3 to 5 months, every 3 to 6 months, every 3 to 7 months,
every 3 to 8 months, every 3 to 9 months, every 3 to 10
months, or every 3 to 11 months).

In some embodiments, the biodegradable ocular implant
for treating DR 1n a subject in need thereof comprises a
biodegradable polymer (e.g., PLGA) that biodegrades sub-
stantially from about 1 month to about 24 months (e.g.,
about 2 months to about 24 months, about 5 months to 24
months, about 7 months to about 10 months, about 10
months to about 24 months, about 12 months to about 24
months, about 15 months to about 24 months, about 17
months to about 24 months, about 20 months to about 24
months, and about 22 months to about 24 months). In some
embodiments, the biodegradable polymer (e.g., PLGA) bio-
degrades substantially from about 3 months to about 12
months (e.g., about 4 months to about 12 months, 5 months
to about 12 months, about 5 months to about 12 months,
about 6 months to about 12 months, about 7 months to about
12 months, about 8 months to about 12 months, about 9
months to about 12 months, about 10 months to about 12
months, and about 11 months to about 12 months). In some
embodiments, the biodegradable polymer (e.g., PLGA) bio-
degrades substantially from about 12 months to about 18
months (e.g., about 13 months to about 18 months, about 14
months to about 18 months, about 15 months to about 18
months, about 16 months to about 18 months, about 17
months to about 18 months). In some embodiments, the

biodegradable polymer (e.g., PLGA) biodegrades substan-
tially in about 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12 months.
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Retinal Vein Occlusion (RVO)

Retinal vein occlusion (RVO), a vascular disorder of the
retina, 1s currently treated with intravitreal injection of
anti-VEGF drugs to inhibit the growth factor that causes
macular edema and corticosteroids to combat the inflamma-
tory components which lead to edema. It 1s highly desirable
to use compositions comprising Edonentan for treating RVO
by improving tissue perfusion and reducing inflammation
while avoiding the unwanted eflects of systemic immuno-
suppression and/or local adverse effects of steroids.

RVO 1s currently treated with intravitreal steroids and
ant1-VEGF agents. We hypothesize that improving perfusion
ol existing vessels will reduce the degree of macular edema
and VEGF upregulation and the downstream maladaptive
changes that manifests as RVO. To test eflicacy, a preclinical
mouse model of 1schemic retinopathy can be used. Oxygen-
induced retinopathy in the mouse 1s a reproducible and
quantifiable proliferative retinal neovascularization model
suitable for examining pathogenesis and therapeutic inter-
vention for retinal neovascularization in many ischemic
retinopathies 1ncluding RVO. The model 1s mnduced by
exposure ol one-week-old C57BL/6J mice to 75% oxygen
for 5 days and then to room air as previously described
(Smith L E H et al., Invest Ophthalmol Vis Sc1 1994). The
ellicacy 1n this preclinical model of 1schemic retinopathy can
be assessed by studying retinal hypoxia and neovascular-
1ization. A “therapeutically eflective amount” of a composi-
tion comprising an Edonentan described herein can be
additive to the current standard of care by improving tissue
perfusion and reducing intflammation mediated by ET-1
while avoiding the unwanted eflects of local steroids. In
some embodiments of treating RVO, the biodegradable
ocular implant comprising a compound of Formula I (Edo-
nentan) 1s administered locally to the back of the eye using
an intravitreal biodegradable ocular implant. The frequency
of admimstration will vary based on a patient’s disease
course and response to therapy.

In some embodiments, a biodegradable ocular implant
comprising a compound of Formula I (Edonentan) 1s admin-
istered locally to the back of the eye (e.g., using an intrav-
itreal biodegradable ocular implant), with a frequency of
every 3 to 12 months (e.g., every 4 to 12 months, every 5 to
12 months, every 6 to 12 months, every 7 to 12 months,
every 8 to 12 months, every 9 to 12 months, every 10 to 12
months, every 11 to 12 months, every 3 to 4 months, every
3 to 5 months, every 3 to 6 months, every 3 to 7 months,
every 3 to 8 months, every 3 to 9 months, every 3 to 10
months, or every 3 to 11 months).

In some embodiments, the biodegradable ocular implant
for treating RVO 1n a subject 1n need thereof comprises a
biodegradable polymer (e.g., PLGA) that biodegrades sub-
stantially from about 1 month to about 24 months (e.g.,
about 2 months to about 24 months, about 5 months to 24
months, about 7 months to about 10 months, about 10
months to about 24 months, about 12 months to about 24
months, about 15 months to about 24 months, about 17
months to about 24 months, about 20 months to about 24
months, and about 22 months to about 24 months). In some
embodiments, the biodegradable polymer (e.g., PLGA) bio-
degrades substantially from about 3 months to about 12
months (e.g., about 4 months to about 12 months, 5 months
to about 12 months, about 5 months to about 12 months,
about 6 months to about 12 months, about 7 months to about
12 months, about 8 months to about 12 months, about 9
months to about 12 months, about 10 months to about 12
months, and about 11 months to about 12 months). In some
embodiments, the biodegradable polymer (e.g., PLGA) bio-
degrades substantially from about 12 months to about 18
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months (e.g., about 13 months to about 18 months, about 14
months to about 18 months, about 15 months to about 18
months, about 16 months to about 18 months, about 17
months to about 18 months). In some embodiments, the
biodegradable polymer (e.g., PLGA) biodegrades substan-
tially in about 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12 months.
Retinopathy of Prematurity (ROP)

Retinopathy of prematurity (ROP) 1s a retinal vasoprolit-
erative disease that aflects premature infants. ROP continues
to be a major preventable cause of blindness and visual
handicaps globally. With improved perinatal care, improved
survival of moderately preterm 1infants, and limited
resources for oxygen delivery and monitoring, more mature
preterm infants are developing severe ROP in developing
countries.

The pathophysiology of ROP 1s characterized by two
phases. Phase I ROP 1s due to vaso-obliteration beginning
immediately after birth secondary to a marked decrease 1n
vascular endothelial growth factor (VEGF) and insulin-like
growth factor-1 (IGF-1). Phase II begins around 33 weeks’
postmenstrual age (PMA). During this phase, VEGF levels
increase, especially 1t there is retinal hypoxia with increas-
ing retinal metabolism and demand for oxygen leading to
abnormal vasoproliferation. For advanced stages of ROP,
laser ablation of avascular retina, early treatment of ROP
(ETROP) protocol, intravitreal injection of anti-VEGF anti-
bodies (e.g. bevacizumab) and vitrectomy are used to protect
central vision and prevent retinal detachment. Long-term
complications such as refractory errors, recurrence of ROP
and risk of retinal detachment require continued follow-up
with an ophthalmologist through adolescence and beyond.

ROP 1s induced by severe 1schemia due to underdevel-
opment of retinal vessels secondary to premature birth.
Theretfore, as an aspect of the disclosure, we believe that
improving perfusion of existing vessels with compositions
comprising Edonentan will reduce the degree of ischemia
and VEGF upregulation and the downstream maladaptive
changes that manifests as ROP. To test eflicacy, a preclinical
mouse model of ROP can be used. Oxygen-induced ret-
inopathy 1n the mouse 1s a reproducible and quantifiable
proliferative retinal neovascularization model suitable for
examining pathogenesis and therapeutic intervention for
retinal neovascularization in ROP. The model 1s induced by
exposure of one-week-old C57BL/6J mice to 75% oxygen
for 5 days and then to room air as previously described
(Smith L E H et al., Invest Ophthalmol Vis Sc1 1994). The
ellicacy 1n this preclinical model of ROP can be assessed by
studying retinal hypoxia and neovascularization. A “thera-
peutically effective amount™ of a composition comprising an
Edonentan, as described herein will be additive to the
current standard of care by improving tissue perfusion and
reducing pathologic neovascularization induced by VEGF.
In some embodiments, the medication 1s administered
locally to the back of the eye using an intravitreal biode-
gradable ocular implant with a frequency of every 4 to 6
weeks as needed based on patient’s disease course and
response to therapy. For example, the intravitreal biodegrad-
able ocular implant 1s administered locally to the back of the
eye using an intravitreal ijection with a frequency of every
5> weeks as needed based on patient’s disease course and
response to therapy.

In some embodiments, the patients with ROP are started
on this treatment during the non-proliferative stages of the
disease. In some embodiments, a biodegradable ocular
implant comprising a compound of Formula I (Edonentan)
1s administered locally to the back of the eye using (e.g., an
intravitreal biodegradable ocular implant), with a frequency
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of every 3 to 12 months (e.g., every 4 to 12 months, every
5 to 12 months, every 6 to 12 months, every 7 to 12 months,
every 8 to 12 months, every 9 to 12 months, every 10 to 12
months, every 11 to 12 months, every 3 to 4 months, every
3 to 5 months, every 3 to 6 months, every 3 to 7 months,
every 3 to 8 months, every 3 to 9 months, every 3 to 10
months, or every 3 to 11 months).

In some embodiments, the biodegradable ocular implant
for treating ROP 1n a subject 1n need thereol comprises a
biodegradable polymer (e.g., PLGA) that biodegrades sub-
stantially from about 1 month to about 24 months (e.g.,
about 2 months to about 24 months, about 5 months to 24
months, about 7 months to about 10 months, about 10
months to about 24 months, about 12 months to about 24
months, about 15 months to about 24 months, about 17
months to about 24 months, about 20 months to about 24
months, and about 22 months to about 24 months). In some
embodiments, the biodegradable polymer (e.g., PLGA) bio-
degrades substantially from about 3 months to about 12
months (e.g., about 4 months to about 12 months, 5 months
to about 12 months, about 5 months to about 12 months,
about 6 months to about 12 months, about 7 months to about
12 months, about 8 months to about 12 months, about 9
months to about 12 months, about 10 months to about 12
months, and about 11 months to about 12 months). In some
embodiments, the biodegradable polymer (e.g., PLGA) bio-
degrades substantially from about 12 months to about 18
months (e.g., about 13 months to about 18 months, about 14
months to about 18 months, about 15 months to about 18
months, about 16 months to about 18 months, about 17
months to about 18 months). In some embodiments, the
biodegradable polymer (e.g., PLGA) biodegrades substan-
tially 1n about 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12 months.

In various embodiments, the biodegradable ocular
implant for treating an ocular disease described herein
releases at least 10% of Edonentan after 14 days. In some
embodiments, the implant releases about 16% of Edonentan
after 14 days. In various embodiments, the biodegradable
ocular 1mplant for treating an ocular disease described
herein releases at least 25% of Edonentan after 28 days. In
some embodiments, the implant releases about 30% of
Edonentan after 28 days. In various embodiments, the
biodegradable ocular implant for treating an ocular disease
described herein releases at least 40% of Edonentan after 56
days. In some embodiments, the implant releases about 48%
of Edonentan after 56 days. In various embodiments, the
biodegradable ocular implant for treating an ocular disease
described herein releases at least 90% of Edonentan atter 84
days. In some embodiments, the implant releases about
100% of Edonentan after 84 days.

Pharmaceutical Compositions

Some embodiments described herein relates to a pharma-
ceutical composition, that can include a therapeutically
eflective amount of an Edonentan, described herein, or a
pharmaceutically acceptable salt thereof, and a pharmaceu-
tically acceptable carrier, diluent, excipient or combination
thereof.

The term “pharmaceutical composition” refers to a mix-
ture of one or both compounds disclosed herein with other
chemical components, such as diluents or carriers. The
pharmaceutical composition facilitates administration of the
compound to an orgamism. Pharmaceutical compositions
will generally be tailored to the specific intended route of
administration.

Some pharmaceutical compositions involve preparing a
pharmaceutically acceptable salt. Pharmaceutically accept-
able salts include salts of acidic or basic groups present 1n
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compounds of the disclosure. Pharmaceutically acceptable
acid addition salts include, but are not limited to, hydro-

chloride, hydrobromide, hydroiodide, nitrate, sulfate, bisul-
tate, phosphate, acid phosphate, 1sonicotinate, acetate, lac-
tate, salicylate, citrate, tartrate, pantothenate, bitartrate,
ascorbate, succinate, maleate, gentisinate, fumarate, glucon-
ate, glucaronate, saccharate, formate, benzoate, glutamate,
methanesulionate, ethanesulfonate, benzensulionate, p-tolu-
enesulfonate and pamoate (1.e., 1,1'-methylene-bis-(2-hy-
droxy-3-naphthoate)) salts. Certain compounds of the dis-
closure can form pharmaceutically acceptable salts with
various amino acids. Suitable base salts include, but are not
limited to, aluminum, calcium, lithium, magnesium, potas-
sium, sodium, zinc, and diethanolamine salts. For a review
on pharmaceutically acceptable salts, see Berge et al., 66 1.
PHARM. SCI., 1-19 (1977).

The term “pharmaceutically acceptable” defines a carrier,
diluent, excipient, salt or composition that 1s safe and
ellective for 1ts intended use and possesses the desired
biological and pharmacological activity.

As used herein, a “carrier” refers to a compound that
facilitates the incorporation of a compound into cells or
tissues. For example, without limitation, dimethyl sulfoxide
(DMSQO) 1s a commonly utilized carrier that facilitates the
uptake of many organic compounds into cells or tissues of
a subject.

As used herein, a “diluent” refers to an ingredient 1n a
pharmaceutical composition that lacks pharmacological
activity but may be pharmaceutically necessary or desirable.
For example, a diluent may be used to increase the bulk of
a potent drug whose mass 1s too small for manufacture
and/or administration. It may also be a liquid for the
dissolution of a drug to be administered by 1njection, inges-
tion or inhalation. A common form of diluent in the art 1s a
butlered aqueous solution such as, without limitation, phos-
phate bullered saline that mimics the composition of human
blood.

As used herein, an “excipient” refers to an inert substance
that 1s added to a pharmaceutical composition to provide,
without limitation, bulk, consistency, stability, binding abil-
ity, lubrication, disintegrating ability, retarded dissolution
ctc., to the composition. A “diluent” 1s a type of excipient.

Definitions

As used herein, “about” will be understood by persons of
ordinary skill in the art and will vary to some extent
depending upon the context in which 1t 1s used. If there are
uses of the term which are not clear to persons of ordinary
skill 1n the art, given the context in which it 1s used, “about”
will mean up to plus or minus 10% of the particular term.

As used herein, the term “effective amount” refers to the
amount of a compound suflicient to eflect beneficial or
desired results. An eflective amount can be administered 1n
one or more administrations, applications or dosages and 1s
not mtended to be limited to a particular formulation or
administration route. As used herein, the term “treating”
includes any eflect, e.g., lessening, reducing, modulating,
ameliorating or eliminating, that results 1n the improvement
of the condition, disease, disorder, and the like, or amelio-
rating a symptom thereof.

“Individual,” “patient,” or “subject” are used interchange-
ably and 1include any animal, including mammals, preferably
mice, rats, other rodents, rabbits, dogs, cats, swine, cattle,
sheep, horses, or primates, and most preferably humans. The
compounds of the disclosure can be administered to a
mammal, such as a human, but can also be administered to
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other mammals such as an animal in need of veterinary
treatment, e.g., domestic animals (e.g., dogs, cats, and the
like), farm animals (e.g., cows, sheep, pigs, horses, and the
like) and laboratory animals (e.g., rats, mice, guinea pigs,
and the like). “Modulation” includes antagonism (e.g., 1nhi-
bition), agonism, partial antagonism and/or partial agonism.

The term “pharmaceutically acceptable salt(s)” as used
herein refers to salts of acidic or basic groups that may be
present in compounds used in the compositions. Compounds
included 1n the present compositions that are basic in nature
are capable of forming a wide variety of salts with various
iorganic and organic acids. The acids that may be used to
prepare pharmaceutically acceptable acid addition salts of
such basic compounds are those that form non-toxic acid
addition salts, 1.e., salts containing pharmacologically
acceptable anions, including, but not limited to, malate,
oxalate, chloride, bromide, 10dide, nitrate, sulfate, bisulfate,
phosphate, acid phosphate, isonicotinate, acetate, lactate,
salicylate, citrate, tartrate, oleate, tannate, pantothenate,
bitartrate, ascorbate, succinate, maleate, gentisinate,
fumarate, gluconate, glucaronate, saccharate, formate, ben-
zoate, glutamate, methanesulionate, ethanesulfonate, benze-
nesulfonate, p-toluenesulfonate and pamoate (1.e., 1,1'-
methylene-bis-(2-hydroxy-3-naphthoate)) salts. Compounds
included in the present compositions that are acidic 1n nature
are capable of forming base salts with various pharmaco-
logically acceptable cations. Examples of such salts include
alkali metal or alkaline earth metal salts, particularly cal-
cium, magnesium, sodium, lithium, zinc, potassium, and
iron salts. Compounds included in the present compositions
that include a basic or acidic moiety may also form phar-
maceutically acceptable salts with various amino acids. The
compounds of the disclosure may contain both acidic and
basic groups; for example, one amino and one carboxylic
acid group. In such a case, the compound can exist as an acid
addition salt, a zwitterion, or a base sallt.

“Therapeutically effective amount™ includes an amount of
a compound of the disclosure that 1s effective when admin-
istered alone or 1n combination to treat the desired condition
or disorder. “Therapeutically eflective amount™ includes an
amount of the combination of compounds claimed that 1s
eflective to treat the desired condition or disorder. The
combination of compounds can be additive and 1s preferably
a synergistic combination. Synergy, as described, {for
example, by Chou and Talalay, Adv. Enzyme Regul. 1984,
22:277-33, occurs when the effect of the compounds when
administered 1n combination i1s greater than the additive
ellect of the compounds when administered alone as a single
agent. In general, a synergistic eflect 1s most clearly dem-
onstrated at sub-optimal concentrations of the compounds.
Synergy can be 1n terms of lower incidence of adverse side
cellects and/or toxicity, increased etlicacy, or some other
beneficial eflect of the combination compared with the
individual components.

As used herein, the term “substantially” refers to the
complete or nearly complete extent or degree of an action,
characteristic, property, state, structure, or result. For
example, a polymer that 1s “substantially” biodegraded
would mean that the object 1s either completely biodegraded
or nearly completely biodegraded.

EXAMPLES

In order that the disclosure described herein may be more
tully understood, the following examples are set forth. The
synthetic and biological examples described 1n this applica-
tion are offered to illustrate the compounds, pharmaceutical
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compositions, and methods provided herein and are not to be
construed 1n any way as limiting their scope.

Abbreviations: w/w: weight-by-weight; HPLC: high-per-
formance liquid chromatography; PBS: phosphate bufler
saline; rpm: revolutions per minute; DB: Dutch-belted;
DME: diabetic macular edema; DR: diabetic retinopathy;
ERG: electroretinogram; GLP: good laboratory practice;
IOP: intraocular pressure; IVT: intravitreal; LC-MS: liqud
chromatograph mass spectrometer; MS: mass spectrometer;
NPDR: non-proliferative diabetic retinopathy; OCT: optical
coherence tomography; PDR: proliferative diabetic ret-
inopathy; PLGA: poly(D,L-lactide-co-glycolide); RPE: reti-
nal pigment epithelium; TK: thymidine kinase; UPLC: ultra-
performance liquid chromatography.

Example 1. Preparation and Testing of Exemplary
Formulation Punch Disks

Small disks of polymer matrix incorporating Edonentan
were prepared for elution rate assessment. The polymers, in
particular weight ratios such as 350% RG503 and 50%
RG503H (50/50 RG303/RG503H) as shown in Table 1,
were dissolved 1n methylene chloride. Edonentan, at 30%
w/w with respect to the total weight of the polymers and
Edonentan, was then added to the polymer solution and
dissolved. The methylene chloride solution was then evapo-
rated 1n a polytetrafluoroethylene (PTFE) dish at room
temperature for 72 to 120 hours. After the methylene chlo-
ride was removed, a thin film of homogeneous mixture of
polymer and Edonentan remained. Disks were prepared by
using a biopsy punch to cut a disk of 2 mm 1n diameter out
of each film resulting 1n disks weighing from 900 ug up to
1500 ug resulting 1n drug load from 270 ug up to 450 ug per
disk.

For 1n vitro drug release testing, three film disks per each
formulation were cut from films and incubated 1n 3 mL of
PBS pH 7.4 1n a shaking incubator set at 37° C. and 50 rpm.
The drug release was sampled at designated time points and
the released Edonentan content as a function of time was
analyzed by an HPLC assay, as shown in FIG. 1. Corre-
sponding elution rates of the Edonentan from the disks as a
function of time are provided m FIG. 2. Drug release
samples were analyzed by reversed phase chromatography
using an Agilent Polaris Amide-C18 column at 40° C. and
mobile phases consisting of water and acetonitrile modified
with trifluoroacetic acid. Quantitation was performed using
an external standard with detection at 275 nm. The release
medium was completely replaced with fresh medium during
cach sampling time point.

TABLE 1
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Exemplary formulations.
Edonentan Containing Sustaimned Delivery Formulations

(1-7) for the production of film disks
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Example 2. Preparation and Testing of Exemplary
Implants

Using the procedure to produce homogeneous films 1n
Example 1, additional formulations comprising various
polymer and drug ratios are shown in Table 2. The formu-
lations were either evaporated at room temperature for
72-120 hours, as described in Example 1, or dried under
vacuum at 25° C. and 20 mbar for 24 hours. The films were
then milled to a powder using a cryogenic mill. Small
portions of the film were added to stainless steel cryogenic
milling vessels with 2 to 3 appropriately sized grinding balls
and precooled using liquid nitrogen for 2 or 3 minutes at 5
Hz. The material was then milled for 1 minute from 20 Hz

to 25 Hz with 1 minute of rest at 5 Hz. This milling/rest cycle
was repeated from 2 to 5 times. The resulting matenal was
coarse to fine powder of homogenous material.

Implants were formed by injection molding with a modi-

fied Haake MinilJet (ThermoFisher Scientific). The homo-

geneous powder was loaded and injected into a mold con-
sisting of channels of an appropriate size, such as 300

umx12 mm or 325 umx12 mm. The powder was loaded into
a barrel leading into the mold and the mold placed under

vacuum. The mold temperature was held at 15-25° C. The
cylinder, surrounding the powder loaded barrel, was held
from 145° C. to 165° C. for 12 to 15 minutes to melt the
powder blend. The 1njection was performed using an injec-
tion pressure of 230 bar to 320 bar holding for 2 to 5
minutes. A post injection pressure was held at 50 bar from
2 to 5 minutes. The mold was then cooled to 15 to 23° C.

betore removing the mold from the injection molder. The
molded fibers were then removed from the mold, and they
were then cut into 4-mm 1mplants containing 165 ng to 220
ug of Edonentan per implant.

Implants of select formulations were also formed by ram

extrusion using a modified Barrell Micro Extruder (Barrell
Engineering). The homogeneous powder was loaded into a
3 mm barrel and extruded through a 0.30 um die maintaining
a temperature of 68° C. to 80° C. and a flow rate of 5 ul./min
to 6 ul/min. Extruded filaments were then cut into 4-mm
implants containing 165 pg to 220 ug of Edonentan per
implant. Resulting implants have similar performance char-
acteristics as those produced with injection molding.

For 1n vitro drug release testing, three implants per each
formulation were randomly cut from fiber trees and 1ncu-
bated 1n 3 mL of PBS pH 7.4 1n a shaking incubator set at
3’7° C. and 350 rpm. The drug release profiles of the implants
were sampled at designated time points and the released
Edonentan content analyzed by an HPLC assay, as shown 1n
FIG. 3. Corresponding elution rates of the Edonentan from
the implants as a function of time are provided in FI1G. 4. The
release medium was completely replaced with fresh medium
during each sampling time point.

P-Dlymer %% W/W

Formulation Edonentan % 65/35 PLA/
No. W/W RG502 RGS02H RG503  RGS03H RG504 RGS504H  RGT753H RG7538 PLG
1 30 50 50
2 30 100
3 30 100
4 30 50 50
5 30 50 50
6 30 40 40 20
7 30 50 10 40
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TABLE 2

Exemplary formulations.
Edonentan Containing Sustained Delivery Formulations
(8-16) for the production of implants
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Formulation Edonentan %o

Polvmer % w/w

No. W/ W RG502  RG3J03H  RG5303 RG7528 RG75335  RGT7355  RGT7565 RGRIRS R2038
8 30 10 50 40
9 45 10 50 40

10 45 20 40 40

11 43 10 50 40

12 45 20 o 20

13 45 20 20 40 20

14 45 10 50 40

15 45 10 10 30 50

16 43 20 20 20 40

17 45 20 20 60

18 43 10 50 40

19 45 10 50 40

20 45 20 30 30 20

21 45 10 50 30 10

22 45 20 30 30 20
Example 3. Pharmacokinetics Study: 12-Week TABI FE 3-continued

Ocular and Systemic Pharmacokinetic of Edonentan »

Intravitreal Implant 1n Rabbits

In a nonGLP 12-week ocular and systemic pharmacoki-
netic study in DB rabbits, 1 Edonentan Intravitreal Implant
(total implant weight 384 ug/implant; 173 pg Edonentan/
implant) was administered as a single bilateral IV'T 1njection
in DB rabbits (2 animals and 4 eyes per timepoint). The

implants contained 45% Edonentan in a blend of Resomer®
containing 50% RG503, 10% RG502, and 40% RG752S.
Rabbits were euthamized at Weeks 2, 4, 8 and 12 and drug
concentrations 1 aqueous humor, lens, vitreous humor,
retina, RPE/choroid and plasma were determined.

Ocular tissues and plasma samples were analyzed by
LC-MS/MS for drug content. Reverse-phase separation was
utilized using a Zorbax Eclipse Plus C18 Rapid Resolution
column and mobile phases of water and acetomitrile modi-
fied with 0.1% formic acid. An Agilent 1290 UPLC coupled
to an Agilent 6430 triple quadrupole mass spectrometer was
used for analysis, with the mass transition of 537.21 to 439.4
Da captured for quantification. A concentration range of 1 to
200 ng/ml. of Edonentan with a deuterated Edonentan
internal standard at the fixed concentration of 10.6 ng/mlL.
was used. Ocular tissues were prepared for analysis by
protein precipitation and liquid-liguid extraction.

IVT sustained release delivery of 45% Edonentan 1n this

PLGA mmplant demonstrated achievement of sustainable
therapeutic target tissue levels of Edonentan for the duration
of the study (Table 3). Results showed that implants released
a cumulative total of 16%, 30%, 48%, and 100% Edonentan

at 2, 4, 8, and 12 weeks, respectively.

TABLE 3

Average FEdonentan concentrations in target ocular
tissues and plasma at different timepoints during
12-week ocular and systemic pharmacokinetic of Edonentan
intravitreal implant study in DB rabbits.

Edonentan Avg Concentration (ng/g)

Day Day Day Day
Tissue 14 28 56 84
Aqueous Humor 0.00 0.00 1.97 0.00
Lens 93.33 131.00 193.06 489.73
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Average Edonentan concentrations in target ocular
tissues and plasma at different timepoints during
12-week ocular and systemic pharmacokinetic of Edonentan
intravitreal implant study in DB rabbits.

Edonentan Ave Concentration (ng/g)

Day Day Day Day
Tissue 14 28 56 84
Vitreous Humor 539.75 35.80 2006.25 0.00
Retina 148.50 101.80 485.10 0.00
RPLE/Choroid 182.99 126.60 334.90 107.13
Plasma BLQ BLQ BLQ BLQ
Implant Remaining 145 121 90 0
(Hg)
% Released 16 30 48 100

BLQ): Below limit of quantitation
LLOQ =1 ng/mL

Example 4. Distribution Study

In vitro melanin binding of Edonentan was assessed 1n an
in vitro assay with synthetic melanin. A concentration of 200
uM Edonentan was added into in two separate working
solutions with or without melanin (1 mg/mL). A concentra-
tion of 200 uM chloroquine was used as a positive control.

In this assay, Edonentan exhibited low (6.1% bound) bind-
ing to melanin. For the control, percentage of chloroquine

bound to melanin (99.5%) was comparable (92-99.6%

bound at pH 7.4 mn 2 mg/mlL melanin solution) to the
literature values (Rimpela 2016).

Example 5. Toxicology Study: 2-Month

Single-Dose Intravitreal Ocular Toxicity Study in
Rabbits

In a study of nonGLP 2-month single dose IVT ocular
dose range toxicity study in DB rabbits (5 male/group), 2 or
3 Edonentan Intravitreal Implants (180 Edonentan/implant;
360 and 540 pg/eye total) or 2 Placebo Implants were
administered with a 56 day evaluation period: Total implant
mass was 365 ug with a diameter of approximately 300 um
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and a length of 4 mm, and the implants contained 45%
Edonentan in a blend of Resomer® containing 50% RGS503

and 50% RG303H.

Parameters evaluated included ophthalmic examinations,
ocular observations (modified Hackett and McDonald),
tonometry, retinal imaging of the implant, optical coherence
tomography (OCT), ERG, and toxicokinetics. Animals were
cuthanized on Day 36 and one eye was collected for phar-
macokinetics and the other eye was collected for potential
histopathology.

Ophthalmic findings included transient ocular changes
(conjunctiva redness, aqueous flare, vitreous cells) in 1 of 10
eyes admimstered 2 or 3 Edonentan Intravitreal Implant
(360 or 340 ug/eye, respectively) on Day 27. These changes
tully resolved by the end of the study on Day 56. No changes
in IOP, ERG, or OCT were observed.

Ocular tissues and plasma samples were analyzed by
LC-MS/MS for drug content. Reverse-phase separation was
utilized using a Zorbax Eclipse Plus C18 Rapid Resolution
column and mobile phases of water and acetonitrile modi-
fied with 0.1% formic acid. An Agilent 1290 UPLC coupled
to an Agilent 6430 triple quadrupole mass spectrometer was
used for analysis, with the mass transition of 537.21 to 439.4
Da captured for quantification. A concentration range of 0.9
to 200 ng/mL. of Edonentan with a deuterated Edonentan
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Example 6. Toxicology Study: 3-Month
Single-Dose Intravitreal Ocular Toxicity Study in

Rabbits

In the GLP 3-month single dose IVT ocular toxicity study
with 1-month recovery in DBrabbits, a formulation of Edo-
nentan Intravitreal Implants (total implant mass 440 us; 200
ug Edonentan with a diameter of 340 um and a length of 4

mm) 1s evaluated. The implant contains 45% Edonentan in
a blend of Resomer® contaiming 50% RG503, 10% RG302,

and 40% RG733S.

Group 1 1s given 3 Placebo Implants 1n the leit eye (O
ug/eye) and 2 Placebo Implants in the right eye (0 ug/eye)
with sham injection i the right eye. Group 2 i1s given 2
Edonentan Intravitreal Implants in the left eye (400 ng/eye)
and the right eye 1s untreated. Group 3 1s given 3 Edonentan
Intravitreal Implants 1n the left eye (600 ug/eye) with sham

injection in the right eye. The study design 1s presented
below 1n Table 3.

TABLE 5

Study design of 3-month single-dose ntravitreal

internal standard at the fixed concentration of 10.6 ng/ml. *°
was used. Ocular tissues were prepared for analysis by
protein precipitation and liquid-liquid extraction.

The results showed that Edonentan level was highest in
the lens at Day 56 (Table 4). The implants had almost
complete release on Day 56 with detectable plasma levels of 3¢
3.4 ng/mL and 5.4 ng/mL for 2 and 3 Edonentan Intravitreal
Implants, respectively. The plasma levels over time are
presented 1 FIG. 5.

TABLE 4 33
Levels of Edonentan at various ocular tissues
and plasma at day 57 post 1vt administration.
2 Edonentan 3 Edonentan
Intravitreal Intravitreal 40
Tissue (concentration) Implants Implants
Aqueous Humor (ng/mL) 3.1 49.8
Cornea (ng/g) 0.0 1.8
ICB (ng/g) 0.1 28.8
L'.j:ns (ng/g) 787.0 1045.6 45
Vitreous Humor/Implant (ng/g) 21.1 26.5
Retina (ng/g) 0.0 7.2
RPLE/Choroid (ng/g) 0.0 0.0
Optic Nerve Head (ng/g) 0.2 14.1
Plasma (ng/mL) 34 5.4

50

Eyes collected for histological examination were pro-

cessed (n=2 animals per group). Other than a few vitreal
cells and incidental retinal folds, which are likely sectioning
artifacts, no histologic abnormalities were noted 1n any of
the eyes of the groups. Based on the examination of these
eyes on histology, the placebo implants and 1mplants con-
taining 360 ug or 540 nug of Edonentan appeared to be
well-tolerated.

55

ocular toxicology study 1n rabbits.
Main Recovery
OS Edonentan Phase Phase
Intravitreal Month 3  Month 4
Group OD Implant Dose (ug) M/F M/F
1 2 Placebo 3 Placebo 4/4 2/2
Implants (O pg) Implants (O pg)
2 Untreated 2 Edonentan 4/4 2/2
Control Intravitreal
Implants (400 pg)
3 Sham 3 Edonentan 4/4 2/2
Injection Intravitreal
Implants (600 ug)
OD = right eve;
O8 = left eve

A 12-week main phase evaluation (4 rabbits/sex/group)
was selected based on the observation of Edonentan detect-
able drug concentrations present in target (RPE/choroid) and
nontarget (lens) tissue at 12 weeks based on ocular phar-
macokinetic study in rabbits. A 1-month recovery phase 1s
selected based on anticipated lower or absent tissue concen-
trations at the 4-month timepoint.

The high dose of 3 Edonentan Intravitreal Implants rep-
resents a 1.5x ocular safety margin with respect to implant
number compared to the highest planned clinical dose of 2
Edonentan Intravitreal Implants. The high dose of 3 Edo-
nentan Intravitreal Implants (600 pug/eye) also represents a
Sx ocular dose safety margin compared to the highest
planned climical dose of 2 Edonentan Implants (400 ug/eye)
based on species differences 1 vitreal volume of 1.4 mL in
rabbits (Struble 2014) and 4.6 mL 1n humans (Caruso 2020,
Azhdam 2020). Parameters and frequency of evaluation for
this study are listed 1n Table 6.

TABLE 6

Parameters of 3-month intravitreal ocular tmxicity study in rabbits.

Parameter

Viability/Health Monitoring
Clinical Examinations (Cage-side

Observations)

Frequency

Twice daily
Pretest and daily
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Parameters of 3-month intravitreal ocular toxicity studv in rabbits.

Parameter Frequency

Detailed clinical observations Pretest and weekly

Body Weight Pretest and weekly

Food evaluation Weekly qualitative

Ophthalmic Examination Pretest and Days 3, 8, 15, 29, 57, 84, 112
(slit lamp biomicroscopy, imndirect

ophthalmoscopy)

Intraocular Pressure Measurements Concurrent with ophthalmic examinations
Wide Angle Fundus Imaging/Fundus Concurrent with ophthalmic examinations
Photography

Electroretinography Pretest and prior to necropsy

Clinical Pathology (hematology, Pretest and prior to necropsy

coagulation, clinical chemistry)
Toxicokinetic Blood Collection for  Group 1: Day 2

Toxicokinetic Analysis Group 2 and 3: Days 2, 29, 57, 84, 112

Necropsy (Full) Terminal Necropsy: Month 3 Recovery Necropsy: Month 4
Organ weights Standard list

Tissue Collection Full, including eyes, attached optic nerve and extraocular

tissues (upper and lower eyelids, lacrimal glands, Harderian
glands, nictitating membrane, gross lesions.

Ocular Histology/Histopathology All Groups: Eye with attached optic nerve, eyelids, lacrimal
glands, nictitating membranes, gross lesions

Group 1 and 3: Full tissue list
Group 2: Systemic target organs
Pathology Peer Review Yes

Ocular histopathology will include assessment of a full
range of ocular tissues. At least 3 sagittal sections of each
eye will be prepared, including full assessment of cone
dense retina (visual streak) 1n one or several sections.
Consideration of in-life toxicity regarding sectioning and
assessment of eye will be included. The study pathologist
will confirm that the cone dense wvisual streak was
adequately assessed.
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Example 7. Toxicology Study: 6-Month Single
Dose Intravitreal Ocular Toxicology Study 1n
Monkeys

40

The Edonentan Intravitreal Implant formulation and dose
selection of the GLP 6-month single dose IVT ocular
toxicity study in cynomolgus monkeys 1s similar to that
described above for the GLP 3-month IVT ocular toxicity
study in rabbits. The high dose of 3 Edonentan Implants
represents a 1.5x ocular safety margin in implant number
compared to the highest planned clinical dose of 2 Edonen-
tan Implants. The high dose of 3 Edonentan Implants (600
ug/eye) also represents a 3.5x ocular dose safety margin
compared to the highest planned clinical dose of 2 Edonen-
tan Implants (400 ug/eye) based on species diflerences in
vitreal volume between monkeys (2.0 mL) and humans (4.6

mlL) (Caruso 2020, Azhdam 2020). Details of the study 1s

45
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shown 1n Table 7. Parameters and frequency of evaluation
for this study 1s listed 1n Table 8.

TABLE 7

Study design of 6-month single-dose GLP

ocular toxicology study i monkeys.

Main Recovery

OS Edonentan Phase Phase
Intravitreal Month 6  Month 7
Group OD Implant Dose (ug) M/F M/F
1 2 Placebo 3 Placebo 4/4 2/2
Implants (O pg) Implants (O pg)
2 Untreated 2 Edonentan 4/4 2/2
Control Intravitreal

Implants (400 ug)
3 Sham 3 Edonentan 4/4 2/2

Injection Intravitreal

Implants (600 pg)

TABL

L1

3

Parameters and frequency of evaluation of 6-month ocular tmxicity study 1n mﬂnkeys.

Parameter Frequency
Viability/Health Monitoring Twice daily
Clinical Examinations (Cage-side Pretest and daily
Observations)

Detailed clinical observations Pretest and weekly

Body Weight
Food evaluation

Ophthalmic Examination

Pretest and weekly
Weekly qualitative
Pretest and Days 3, 8, 15, and monthly prior to necropsy

(slit lamp biomicroscopy, mdirect

ophthalmoscopy)
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TABLE 8-continued
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Parameters and frequency of evaluation of 6-month ocular tmxicity Study 1n mmnkeys.

Parameter Frequency

Intraocular Pressure Measurements
Wide Angle Fundus Imaging/Fundus
Photography

Electroretinography

Clinical Pathology (hematology,
coagulation, clinical chemistry,

Pretest and prior to necropsy
Pretest and prior to necropsy

urimalysis)

Safety pharmacology parameters of
cardiovascular and respiratory necropsy) and 7.
function.

Toxicokinetic Blood Collection for  Group 1: Day 2
Toxicokinetic Analysis
Necropsy (Full)

Organ weights Standard list

Tissue Collection

Concurrent with ophthalmic examinations
Concurrent with ophthalmic examinations

Pretest, Week 3 and during Months 3, 6 (prior to Month 6

Group 2 and 3: Days 2, 29, 57, 85, 113, 141, 169
Terminal Necropsy: Month 6 Recovery Necropsy: Month 7

Full, including eyes, attached optic nerve and extraocular

tissues (upper and lower eyelids, lacrimal glands, Harderian

glands, nictitating membrane, gross lesions)

Ocular Histology/Histopathology

All Groups: Eye with attached optic nerve, eyelids, lacrimal

glands, nictitating membranes, gross lesions

Group 1 and 3: Full tissue list

Group 2: Systemic target organs

Pathology Peer Review Yes

Ocular histopathology includes assessment of a full range
of ocular tissues. At least 3 horizontal (transverse) sections
of each eye are prepared, including full assessment of cone
dense retina (macula) 1n one or several sections. Consider-
ation of 1n-life toxicity with regard to sectioning and assess-
ment of eye 1s included. The study pathologist confirms that
the cone dense macula was adequately assessed.

Example 8. Toxicology Study: GLP 1-Month Oral
Toxicity Study 1n Rats

To evaluate systemic toxicity of Edonentan, a GLP
1-month oral toxicity study in rats 1s conducted. This
1 -month oral toxicity study in Sprague-Dawley rats consists
of a 1-month main phase and a 2-week recovery phase. The
highest dose selected 1n this study 1s 5 mg/kg/day and lower
doses of 1.5 and 0.5 mg/kg/day are selected to evaluate
dose-response relationships. The high dose selection of 5
mg/kg/day for this study 1s in line with the 0.83 mg/kg
human dose previously tested, estimates for high dose
selection based on comparisons between BMS-193884 and
BMS-207940 literature data, as well as ICH M3(R2) guide-
lines for high dose selection. Study design 1s listed below 1n
Table 9. Parameters and frequency of evaluation is listed
below 1n Table 10. Safety pharmacology evaluation of

central nervous system function 1s based on oral T, 010.4
hour (Murugesan 2003).

TABLE 9

Study Desigm of GLP 1-Month Oral Tﬂxicity Study in Rats
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TABLE

10

Parameters and frequency of evaluation of
GGL.P 1-month oral toxicity study in rats

Parameter Frequency
Viability Twice daily
Clinical observations Pretest and daily
Body Weight Pretest and weekly
Food evaluation Pretest and weekly

Example 9. Genotoxicity Study

An 1n vitro genotoxicity battery (Ames and in vitro
micronucleus assay in human thymidine kinase heterozy-
gote (IK6) cells) and an 1n vivo oral micronucleus study 1n
rats 1s conducted.

Example 10. A Study of the Satfety, Tolerability,
Pharmacodynamics and Pharmacokinetics of
Edonentan Intravitreal Implant

A study of the safety, tolerability, pharmacodynamics and
pharmacokinetics of Edonentan Intravitreal Implant in
patients with diabetic retinopathy and patients with glau-
coma 1s described in Table 11.

Dose Volume  Dose Conc Dose Animal
Group (mL/kg) (mg/mL) (mg/kg/day) Number
1 10 0 0 Main Recovery TK
Day 29 Day 43 Satellite
2 10 0.05 0.5
3 10 0.15 1.5
4 10 0.5 5.0




Study Population

Sample Size
Study Duration
Study Objectives

Study Design
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TABL.

(Ll

11

Study of Edonentan Intravitreal Implant

Patients with diabetic retinopathy without active center-involving
and/or clinically significant diabetic macular edema (DME) and
patients with glaucoma

Up to approximately 57 patients

6 months treatment period plus 1 month extended safety follow-up
To investigate the safety, tolerability, pharmacodynamics and
pharmacokinetics of Edonentan Intravitreal Implant i patients
with diabetic retinopathy and patients with glaucoma

Single ascending dose (SAD)/proof of activity design. The first
study 1s an open-label and single ascending dose design. Patients
receive a single administration of one of two dose strengths of
Edonentan Intravitreal Implant (200 pg and 400 pg). The second
study 1s an open-label and proof of activity design and the study
evaluates maximum tolerated dose determined from the first study.

36

Inclusion Criteria Subjects meet the following criteria:

1. Able to provide informed consent

2. 18 or older

3. Diagnosis of DR secondary to diabetes mellitus Type 1 or
2

4. Study 1: patients with poor vision due to severe

ischemia and/orvision threatening complications;

5. Study 2: a) DR cohort: DR severe NPDR to mild to

moderate PDR(DRSS ranging from 353 to 65) and/or b)
glaucoma cohort: stable, advanced primary open

angle glaucoma

Exclusion Criteria  Subjects do not have any of the following:

1. History of hypersensitivity to any of the study drugs
or to drugs of similar chemical classes
2. Presence of any active center-involving and/or
clinically significant DME
3. Active or history of retinal detachment 1n the study eve
4. Female who are pregnant, nursing, or planning a

pregnancy or whoare of childbearing potential not
willing to remain abstinent or use contraception during

the study
5. Male who are not willing to remain abstinent or use a
condom
Study Assessments  Safety and tolerability are assessed by:
1. Adverse events
2. Vital signs
3. Safety laboratory evaluations

Example 11. Pharmacokinetics Study: 12-Week
Ocular and Systemic Pharmacokinetic of Edonentan
Intravitreal Implants in Rabbits

In a nonGLP 12-week ocular and systemic pharmacoki-
netic study i DB rabbaits, 2 Edonentan Intravitreal Implants
from either the imection molding (IM) or ram extrusion
(RE) manufacturing process (total implant weight IM 423
ug/implant; 380 ug Edonentan/2 implants, RE 461 ug/im-
plant, 415 ug Edonentan/2 implants) were administered as a
single bilateral IVT imjection 1 DB rabbits (2 animals and
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following the quantitative transition m/z 337.2 to 439.1 for
Edonentan and m/z 540.2 to 442.1 for deuterated Edonentan.

IV'T sustained release delivery of 45% Edonentan 1n this
PLGA mmplant demonstrated achievement of sustainable
therapeutic target tissue levels of Edonentan for the duration
of the study (FIG. 6, FIG. 7). The cumulative total of
Edonentan released from implants was 100% at 8 weeks
(Table 12).

TABLE 12

Cumulative Edonentan released from implants during

- - - - - 50 12 week ocular and systemic pharmacokinetic of
o Edo-
4 eyes per timepoint). The implants cgnj[alned 45% Edo Edonentan intravitreal implant in rabbit study.
nentan 1n a blend of Resomer® containing 50% RG503,
10% RG502, and 40% RG753S. Rabbits were euthanized at % Released
Weeks 4, 8, 10, 11 and 12 and drug concentrations in -
aqueous humor, lens, vitreous humor, retina, RPE/choroid . . [jection Molded Ram Extruded
: 55 Timepoint Edonentan Implants Edonentan Implants
and plasma were determined.
Ocular tissue and plasma were analyzed for Edonentan Day 28 30.3 27.7
content using an analytical method based on protein pre- Day >4 83.9 08.7
e el e SRS IR LI . Day 60 96.1 NT
cipitation and liquid-liquid extraction followed by reverse- Day 70 06,0 "
phase LC-MS/MS analysis. An Agilent 1290 UPLC coupled - Day 82 NT 99 O

to an Agilent 6430 triple quadrupole mass spectrometer was
used for analysis. The quantitation range for Edonentan was
1 to 250 ng/mL. Tissue and plasma samples were homog-
enized and extracted with 0.1% formic acid 1n acetonitrile
which was spiked with deuterated Edonentan at approxi-
mately 10 ng/ml. The extracts were analyzed using
reversed-phase liquid chromatographic separation with tan-
dem mass spectrometric detection in the positive 10n mode

65

NT: not tested

Example 15. Crystalline Forms of Edonentan

Exemplary Method of Preparing Crystalline Form 1
Amorphous Edonentan (840 mg) was dissolved in 12 mL
of IPA. The resulting solution was filtered and the filter was
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washed with additional 2.5 mL of IPA. The filtrated was
concentrated to dryness, dissolved mn 11.8 mL of IPA and
heated with stirring to 60° C. Then, 18 mL of warm water
was added dropwise at 60° C. while stirring vigorously and
the solution was stirred at 60° C. for 1 h. The solution was

slowly cooled to 25° C., filtered and dried under vacuum at
25° C. to provide 660 mg of crystalline Form 1 (XRPD and

DSC 1n FIG. 9 and FIG. 13, respectively).
Exemplary Method of Preparing Crystalline Form 2
Amorphous Edonentan (250 mg) was dissolved 1n 3.5 mL

of IPA. The resulting solution was filtered and the filter was
washed with additional 0.25 mL of IPA. The solution was

then heated to 60° C. whereupon 7.5 mL of warm water was
added dropwise at 60° C. while stirring vigorously and then
stirred at 60° C. for 1 h. After slowly cooling to 25° C., the
mixture was filtered to provide crystalline Form 2 (XRPD

and DSC 1n FIG. 3 and FIG. 7, respectively). Alternatively,

a preferred method of preparing crystalline Form 2 1s as
tollows. Amorphous Edonentan (1 g) was slurried in 20 mL
of water at 25° C. for 15 hours. The solution was then filtered
to give the crystalline Form 2 (XRPD and DSC 1n FIG. 10

and FIG. 14, respectively).
Exemplary Method of Preparing Crystalline Form 3
Amorphous Edonentan (250 mg) was dissolved 1n 0.5 mL
of ethyl acetate. The resulting solution was filtered and
heated to 60° C., and 1.5 mL of hexane was added dropwise
at 60° C. while stirring vigorously. To the resulting slightly
cloudy solution, 0.1 mL of ethyl acetate was added, resulting
in a clear solution which was then stirred at 60° C. for 1 h.
The solution was slowly cooled to 25° C. and the resulting
precipitate was filtered to provide crystalline Form 3 (XRPD

and DSC 1 FIG. 11 and FIG. 15, respectively).
Exemplary Method of Preparing Crystalline Form 4
Amorphous Edonentan (100 mg) was added to 2 mL of
water contamning 0.2 ml of tetrahydrofuran (THF). The
resulting mixture was stirred at 50° C. for 24 hours, cooled

and filtered to provide Form 4, which was confirmed by
XRPD (FIG. 16) and DSC (FIG. 20) to be distinct from

Forms 1, 2 and 3.

In an alternate method, 107 mg of amorphous Edonentan
was added to 1 mL of water followed by the addition of an
equivalent of KOH 1n 1 mL of water. The resulting solution
was heated to 60° C. for 20 minutes, filtered warm and
acidified with 1 mL o1 0.2 N HCI. The resulting mixture was
stirred for 5 hours at 60° C., cooled and filtered to give Form
4, which was confirmed by XRPD.

In an alternate method, 150 mg of Edonentan (Form 3)
was added to a mixture of 1sopropanol and water (1 mL and
2 mL, respectively). The resulting slurry was stirred at 15°
C. for 48 hours and then filtered. The sample was confirmed
by an XRPD analysis to be Form 4, demonstrating that under
these conditions, Form 4 1s more thermodynamically stable
than Form 3.

In an alternate method, 200 mg of Edonentan (Form 1)
was added to a mixture of 1sopropanol and water (1.3 mL
and 2.6 mL, respectively). The resulting solution was heated
to 80° C. and stirred for 24 h, then cooled and filtered. The
sample thus obtained was confirmed by an XRPD analysis
to be Form 4, demonstrating that under these conditions,
Form 4 1s more thermodynamically stable than Form 1.

In an alternate method, 100 mg of Edonentan (amor-
phous) was scurried 1n 10 mL of water and heated to 100°
C. for 40 hours. The resulting solution was cooled to
ambient temperature and filtered to aflord Form 4. In an
alternate method, amorphous (crude) Edonentan 1s dissolved
in 8 volumes of 1sopropanol at 60° C. The resulting solution
1s cooled to 57° C., and then a small crystal of the crystalline
Form 4 1s added. After 2 hours, the solution 1s cooled to 5°
C., held for 15 hours, and filtered to afford the crystalline
Form 4.

XRPD Patterns of Crystalline Forms

The XRPD patterns of crystalline Forms 1~4 are shown in

FIGS. 8-12. The XRPD pattern of the crystalline form

described herein was recorded using a Polycrystalline X-ray
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diffractometer (Bruker, D8 ADVANCE). The CuKa radia-

tion was operating at a voltage of 40 kv and a current of 40
mA with a transmission slit of 1.0 mm and cable-stayed slit
of 0.4°. A sample was placed 1n the center of sample holder
groove and the surface of sample holder was leveled with the
surface of sample holder. The data were collected over
continuous scanning with a step size of 0.02° and a speed of
8°/min using the lynxeye detector.

The following Tables 13-16 list certain XRPD character-
1stic peaks for crystalline Forms 1-4, respectively.

TABL.

(Ll

13

Exemw XRPD patterns of crystalline Form 1

20 Intensity (counts)
6.3 1250

7.5 2750

11.7 1400

15.1 2200

17.3 900

TABL.

(L]

14

Exemplary XRPD patterns of ¢rvstalline Form 2

Angle [20] Intensity (counts)

9.6 2250
10.4 1500
11.1 600
12.3 750
14.6 1000
15.1 800
17.2 1000
19.6 3000
19.7 3000
22.0 1500
22.9 1500
23.7 2000

TABL.

L1

15

Exemplary XRPD patterns of crystalline Form 3

20 Intensity (counts)
7.8 2000
9.0 2750
11.6 750
15.8 2500
19.1 900

TABL.

L1

16

Exemplary XRPD patterns of crystalline Form 4

Angle [20] Intensity (counts)

5.6 1800
11.4 12600
14.4 1400
15.7 1200
16.8 1400
17.7 4800
19.3 6700
21.1 2900
21.9 2400
23.9 2400
24.6 1900
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Physiochemical Properties of Crystalline Forms

Provided herein are exemplary physicochemical proper-
ties of crystalline forms. The melting points described herein
can be measured using the following procedure:
1. Melting Point Protocol

The maximal melting point peak (T, ) of each crystalline
form was determined using DSC. The DSC of the crystalline

form described herein was measured using the TA instru-
ment DSC Q2000. A sample (1.3010 mg) was weighed 1n an

aluminum crucible and heated from 30° C. to 300° C. at a
heating rate of 10° C./min. Temperatures at crystalline
melting peak start, peak onset, peak max, and peak end were
collected.

The solubility described herein can be measured using the

following procedure:
11. Solubility Analysis Protocol

1. No less than 2.0 mg samples are weighed into lower
chamber of whatman miniuniprep vials (GE Health-
care). 450 ul of bufler was added into each chamber.

2. Filter pistons of minmuniprep wvials are placed and
compressed to the position of the liquid level to allow
for contact of bufler and compound with the filter
during incubation.

3. The samples are vortexed for 2 minutes followed by
incubation at room temperature (about 25+£2° C.) for 24
hours with shaking at 500 rpm.

4. Miniunipreps are compressed to prepare the filtrates for

[

injection into HPLC system. All vials are inspected for
visible undissolved material before filtering and for
leakage after filtering.
5. Dilute supernatant with bufler by a factor of 100 folds
to make diluents which are analyzed with HPLC.
Provided 1n Table 17 below are exemplary physicochemi-
cal properties of crystalline Forms 1-4. The physicochemical
properties can be obtained using the methods described

above.

TABL.

(L]

17

Exemplarv phvsicochemical properties of crvstalline Forms 1-4

Solubility
T,, pH 7.0 Phosphate Buffer
Polymorph Solvation (° C.) (Lg/mL)
Form 1 anhydrate 151 264
Form 2 monohydrate 122 35
Form 3 anhydrate 162 251
Form 4 anhydrate 163 138

EQUIVALENTS AND SCOP.

L1l

27 &q

In the claims articles such as “a,” “an,” and “the” may
mean one or more than one unless indicated to the contrary
or otherwise evident from the context. Claims or descrip-
tions that include “or” between one or more members of a
group are considered satisfied 11 one, more than one, or all
of the group members are present in, employed 1n, or
otherwise relevant to a given product or process unless
indicated to the contrary or otherwise evident from the
context. The disclosure includes embodiments 1 which
exactly one member of the group 1s present 1n, employed 1n,
or otherwise relevant to a given product or process. The
disclosure includes embodiments in which more than one, or
all of the group members are present in, employed 1n, or
otherwise relevant to a given product or process.

Furthermore, the disclosure encompasses all variations,
combinations, and permutations in which one or more
limitations, elements, clauses, and descriptive terms from
one or more of the listed claims 1s mtroduced into another
claim. For example, any claim that 1s dependent on another
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claim can be modified to include one or more limitations
found 1n any other claim that 1s dependent on the same base
claim. Where elements are presented as lists, e.g., 1n

Markush group format, each subgroup of the elements is
also disclosed, and any element(s) can be removed from the
group. It should 1t be understood that, 1n general, where the
disclosure, or aspects of the disclosure, 1s/are referred to as
comprising particular elements and/or features, certain
embodiments of the disclosure or aspects of the disclosure
consist, or consist essentially of, such elements and/or
features. For purposes of simplicity, those embodiments
have not been specifically set forth in haec verba herein. It
1s also noted that the terms “comprising” and “containing”
are 1ntended to be open and permits the inclusion of addi-
tional elements or steps. Where ranges are given, endpoints
are 1ncluded. Furthermore, unless otherwise indicated or
otherwise evident from the context and understanding of one
of ordinary skill 1n the art, values that are expressed as
ranges can assume any specific value or sub-range within the
stated ranges 1n different embodiments of the disclosure, to
the tenth of the unit of the lower limit of the range, unless
the context clearly dictates otherwise.

This application refers to various 1ssued patents, pub-
lished patent applications, journal articles, and other publi-
cations, all of which are incorporated herein by reference. If
there 1s a contlict between any of the incorporated references
and the 1nstant specification, the specification shall control.
In addition, any particular embodiment of the present dis-
closure that falls within the prior art may be explicitly
excluded from any one or more of the claims. Because such
embodiments are deemed to be known to one of ordinary
skill 1in the art, they may be excluded even 1f the exclusion
1s not set forth explicitly herein. Any particular embodiment
of the disclosure can be excluded from any claim, for any
reason, whether or not related to the existence of prior art.

Those skilled 1n the art will recognize or be able to
ascertain using no more than routine experimentation many
equivalents to the specific embodiments described herein.
The scope of the present embodiments described herein 1s
not itended to be limited to the above Description, but
rather 1s as set forth in the appended claims. Those of
ordinary skill in the art will appreciate that various changes
and modifications to this description may be made without
departing from the spirit or scope of the present disclosure,
as defined 1n the following claims.

What 1s claimed 1s:

1. A biodegradable ocular implant comprising;:

a biodegradable polymer containing a compound incor-
porated therein, wherein:
the compound 1s a compound of Formula I:

()

/7 \

O N

1
N\/ / .
>|/\(|_jr \\S{/O

Y

\

\
AN

X :




US 11,786,510 B2

41

or a pharmaceutically acceptable salt thereof, wherein:

the concentration of the compound 1n the biodegradable

polymer 1s about 45% w/w; and

the biodegradable polymer 1s [about 50% of RGS03]:

[about 10% of RG502]: [about 40% of RG733S],
wherein said RG303 or RG302 15 a poly(D,L-lactide-
co-glycolide) synthesized at about 50:30 ratio of lactide
to glycolide, and said RG753S 1s a poly(D,L-lactide-
co-glycolide) synthesized at about 75:25 ratio of lactide
to glycolide.

2. The biodegradable ocular implant of claim 1, wherein
the implant has a diameter of about 300 um to about 400 um
and a length of about 4 mm to about 5 mm.

3. The biodegradable ocular implant of claim 1, wherein
the implant 1s administered as an intravitreal administration.

4. The biodegradable ocular implant of claim 1, wherein
the implant 1s administered into the back of an eye.
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